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genome contains three of these valuable cellulase genes.
Upon investigation using bioinformatics, one of these
genes is suggested to function primarily as a glutamyl
aminopeptidase instead. A cellulose-degradation assay
using Congo Red staining confirmed this gene’s lack of
endoglucanase activity in vivo. This project focused on
expressing and purifying the expressed aminopeptidase
from Escherichia coli. We cloned the putative
aminopeptidase gene into an expression vector so that it
was fused with a histidine tag and transformed it into E.
coli. Correct orientation of the gene was confirmed by
PCR amplification. We induced expression of the protein
and isolated it through column purification. Purification
was assessed through SDS-PAGE and spectrophotometer
measurements. Results indicated successful purification of
the denatured protein. Future directions involve moving
forward with the purification of the native protein utilizing
the same process and then characterization of protein
activity through a specific glutamyl aminopeptidase
assay.    

Cellular  and  Molecular  
Biology  
THE EFFECT OF TBX2 AND EPIREGULIN ON
SIGNAL TRANSDUCTION PATHWAYS IN THE
MCF10A HUMAN BREAST EPITHELIAL CELL
LINE
Alexandra Thiel and Matthew Rowley (Advisor)
Department of Biology
St. Mary’s University of Minnesota, Winona, MN
Breast cancer affects approximately 14.7% of women in
the U.S. today. TBX2 is amplified in 40% of breast
tumors and has been found to play a role in normal
mammary development and tumorigenesis. Previous
studies in the lab have linked overexpression of TBX2
with induction of epiregulin expression and subsequent
activation of the ERK1 and ERK2 signaling proteins. In
addition, other cell surface receptors have been shown
to be activated in response to TBX2 expression. Each of
these activated receptors will activate an internal
signaling cascade that may potentially play a role in
tumor development or progression in response to TBX2
expression. TBX2 expression has been linked to breast
cancer development; however, the mechanism by which
TBX2 promotes breast cancer is still being investigated.
In this study, we propose to study the effect of
overexpression of TBX2 on activation of internal cell
signaling pathways using human breast epithelial cells.
The detection of protein phosphorylation and activation
in response to TBX2 was performed using a Proteome
Profiler Human Phospho-Kinase Array Kit from R&D
Systems. When TBX2 was overexpressed in MCF10A
cells, several proteins had a two-fold or higher increase
in activation including TOR, Akt 1/2/3, and PRAS40,
the substrate of Akt. This suggests that the PI3K-AKTmTOR pathway may be involved in the mechanism of
breast cancer tumorigenesis.

INVESTIGATION OF THE ENERGETIC
PROPERTIES OF TOP DONOR CANDIDATES
FOR ORGANIC SOLAR CELLS AND THE
EFFECT OF NONPLANARITY ON THEIR
ABSORPTION PROPERTIES
Megan Niblock and Rollin A. King (Advisor)
Department of Chemistry
Bethel University, St. Paul, MN
Organic solar cells developed in the 1990s were based on
light absorption by conjugated molecules to generate
electronic excited states. In recent years, the efficiency of
organic solar cells has dramatically improved due to
discovery of more effective electron donors and electron
acceptors. Scharber et al[1] developed a simple model
used to estimate the energy efficiency of a donoracceptor polymer pair, applying them to different
polymers that have been used in bulk-heterojunction
polymer solar cells. In practice, these cells have been
reported to have 7.4% efficiency.[2] The dominant
electron acceptor polymer is PC60BM, while a vast
number and variety of donors are being explored.
Theoretically, the Harvard Clean Energy Project is
screening millions of compounds, applying the Scharber
model to an automatically constructed ensemble of donor
monomers. This group has provided the “top candidates”
to us for further investigation. The question of the
relationship between the promising donor monomers and
the corresponding donor polymers still remains. Three
monomers were chosen from among the top candidates
and were used to construct dimers by connection at
specific atoms. The energetic properties of these
competing isomers were explored along with the effect
of nonplanarity on the dimer absorption properties. The
ultimate goal is to arrive at principles to aid in polymer

EXPRESSION OF NITROGEN FIXATION GENES
BY BACTERIAL COMMUNITIES IN LEAF
FLUID OF Sarracenia purpurea
Dee Dee Crist, Keri Skelly Tamara Mans (Advisor) and
Paul Melchior (Advisor)
Department of Biology
North Hennepin Community College, Brooklyn Park, MN
Exploring alternative ways of harvesting energy is an
important research endeavor. This project focuses
specifically on microbial potential for biofuel production
by studying the marine bacterium Cellulophaga lytica. The
cellulase genes within this microorganism could be
utilized to produce ethanol from various cellulose-dense
materials. Computer annotation predicts that C. lytica’s
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design.

important for the parasite to maintain proper lipid
homeostasis as well as other critical metabolic
processes. In an attempt to learn more about lipid
droplet function and biogenesis, we identified and
cloned several genes from the T. brucei genome. We
report here the cloning of these genes into a T. brucei
expression vector designed to express an epitope-tagged
version of the proteins. In the future we hope to confirm
the localization of the protein products of these genes to
lipid droplets and extend this research toward the
identification of potential drug targets in T. brucei.

ANALYSIS OF BACTERIAL CONTAMINATION
OF CHICKEN EGGS AND ANTIMICROBIAL
RESISTANCE
Holly Spitzer and Barbara May (Advisor)
Department of Biology
College of St. Benedict–St. John’s University,
Collegeville, MN
In an effort to develop a better understanding of egg
contamination during production, this experiment
utilized a variety of types of chicken eggs, including
those from commercial producers and local, private
producers. These types included eggs with a variety of
labels, such as organic, vegetarian fed, free range, farm
fresh, and antibiotic free eggs. Bacterial samples were
cultured and isolated from the shell, albumen (egg
white), yolk, and outer shell membrane, and were
identified using 16S DNA sequencing. In an effort to
identify emerging bacterial resistance, the samples were
tested for resistance (using the Kirby-Bauer method) to
antibiotics and cleaners that are commonly used in egg
production and are approved by the USDA for use on
laying hens. It was hypothesized that differences in
production (free range vs. caged, organic vs.
nonorganic, vegetarian fed vs. normal fed, etc.) may
have some effect on the variety of bacterial
contaminants and the areas of the egg they would be
able to contaminate. Additionally, it was hypothesized
that eggs that were more exposed to antimicrobials and
antibiotics would exhibit more resistance. Finally, the
experiment was expected to reveal trends in what types
of bacteria are able to penetrate various membranes
within the egg.

THE EFFECTS OF CLAY FILTERS ON ARSENIC
LEVELS IN DRINKING WATER IN RURAL
CAMBODIA
Jenny Koops and Jeff Port (Advisor)
Department of Biology
Bethel University, St. Paul, MN
Cambodia is one of many countries that produce clay
filters to remove harmful bacteria from water as an
inexpensive, locally available solution to improving
access to potable water. Cambodian soil contains varying
levels of arsenic and it has been suggested that the filters
are introducing excess arsenic into the water. This study
conducted testing to see how much arsenic was
introduced into filtered water and whether multiple wash
cycles could reduce that amount. Six filters were bought
and tested in Svay Reing, Cambodia, and after eleven
washes only four reached arsenic levels of 10 ppb, the
World Health Organization’s (WHO) safe standard. Two
additional filters in use for one year by local residents
were also tested and found to have arsenic levels above
10 ppb. Overall, this study suggests that clay filters are
initially increasing arsenic levels in filtered water but that
with proper preparation, levels can be reduced to near
standards established by WHO.

IDENTIFICATION AND CLONING OF
Trypanosoma brucei GENES INVOLVED IN LIPID
DROPLET FUNCTION AND BIOGENESIS
Carolyn Mickelson and Robin Fettig
Department of Biology
Concordia College, Moorhead, MN

TBX2 INHIBITS THE GROWTH OF THE MDAMB-468 CELL LINE AND HAS NO EFFECT ON
THE RESPONSE TO A HER2 NEUTRALIZING
ANTIBODY
Jessica Buckbee and Matthew Rowley (Advisor)
Department of Biology
St. Mary's University of Minnesota, Winona, MN

Trypanosoma brucei, a bloodborne parasite of both
humans and animals, has long been a public health
concern in sub-Saharan Africa, accounting for
numerous human fatalities annually. T. brucei is the
causative agent of Human African Trypanosomiasis
(HAT), which is transmitted by the bite of the tsetse fly
insect vector. Untreated cases are typically fatal.
Currently, few effective treatments exist, but by
obtaining a better understanding of T. brucei genetics
and physiology it is hoped that potential therapeutic
drug targets can be identified. T. brucei is a singlecelled eukaryote that possesses organelles called lipid
droplets. Evidence indicates that this organelle may be

Over the course of a lifetime one in eight women will
develop breast cancer. The TBX2 transcription factor is
overexpressed in forty percent of breast cancer patients.
In mouse studies, abnormal expression of TBX2 has
been linked to breast cancer by its ability to suppress
p19ARF and p21WAP1/CIP1 expression, which plays a role
in the bypass of senescence. There is also evidence to
suggest that the TBX2 transcription factor can bind to
the epiregulin promoter and increase its expression.
Epiregulin works by binding to members of the EGF
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family of receptors. This family consists of EGF
receptor (EGFR/ErbB1), ErbB2 (HER2/Neu), ErbB3
(HER3), and ErbB4 (HER4). One possible treatment for
HER2 positive breast cancer is Trastuzumab, also
known by the brand name Herceptin. Hercepin binds to
HER2 receptors and blocks intracellular HER2
signaling. TBX2 was overexpressed in the MDA-MB468 breast cancer cell line using a lentivirus and a
similar neutralizing antibody to Herceptin to treat the
cells. This experiment determined that the expression of
TBX2 has no effect on the cells response to a HER2
neutralizing antibody. It was also found that TBX2
suppresses growth of the MDA-MB-468 cell line.

A recent increase in collective knowledge concerning
harmful environmental impacts of agricultural processes
has prompted much research in agriculture to focus on
sustainable practices. Two such practices are the use of
cover crops and microorganism stimulants. Both
contribute to building healthier soil and provide longterm benefits for land quality. The purpose of this study
was to determine the effects of a commercially available
microorganism stimulant, AgZyme, and a mix of cover
crops on soil characteristics, crop yield, and profit in a
strip-tilled cornfield in Northfield, Minnesota. Soil core
samples were taken three times throughout the growing
season of 2015. Soil variables measured included
ammonia, nitrates, orthophosphates, percent organic
matter, percent moisture, bulk density, CO2 respiration,
and microbial and fungal biomass and diversity. Soil
nutrient analyses showed concentration of nitrate
ammonia and phosphate did not vary with the addition
of AgZyme or a cover crop, but nitrates and ammonia
significantly varied over the growing season. Soil
microbial biomass and CO2 respiration were higher in
the AgZyme area, suggesting an increase in
microorganism presence and better nutrient
mobilization. Yields were not significantly different
among the AgZyme, cover crop, and control treatments.
Profits were highest in the control treatment. While
profits decreased slightly with use of a microorganism
stimulant and more with the cost of planting a cover
crop, benefits in terms of soil health and continued high
yield are likely in the long term.

USING IMMUNOHISTOCHEMISTRY TO
DETERMINE IF FAM171B IS EXPRESSED IN
THE BRAIN
Ka Xiong, Kayla R. Kermode, Natalie E. Klein, and
Goeffrey M. Goellner (Advisor)
Department of Biological Sciences
Minnesota State University-Mankato, Mankato, MN
A number of severe neurodegenerative diseases, such as
Huntington’s Disease (HD), are caused by a similar type
of mutation in each of their respective underlying genes.
This mutational mechanism somehow causes expansion
of a CAG repeat sequence (that codes for the amino acid
glutamine-Q) well beyond its normal size. Thus,
expansion mutations in a number of poly-glutamine
(polyQ) proteins has been linked to neurodegeneration.
Furthermore, sequencing of the human genome has led to
the discovery of a number of completely uncharacterized
polyQ genes. Whether these new genes will also be
linked to neurodegeneration remains to be determined.
One such novel protein, denominated FAM171B, is a
protein that contains a polyQ stretch. Very little else is
known about it in terms of expression pattern and cellular
function. In this study, we hope to gain a better
understanding of the normal tissue localization of
FAM171B. In this regard, immunohistochemistry was
utilized to determine the expression pattern of FAM171B
in mouse brain tissue. Initial data suggest that FAM171B
is indeed expressed in the brain, and further experiments
are in progress to determine specific localization patterns.

THE EFFECTS OF Bmp4 EXPRESSION ON
LUNG DEVELOPMENT IN Xenopus EMBRYOS
Matt Anderson and Brian Hyatt (Advisor)
Department of Biological Sciences
Bethel University, St. Paul, MN
The process of embryonic lung development is
governed by a highly conserved complex gene
regulatory network, which appears, with slight
variation, in all vertebrates. Bmp4, a member of the
bone morphogenetic protein family, is one key player in
this genetic cascade. Previous research suggests that
Bmp4 demonstrates strong anti-lung activity in the
ventral forgut epithelium, the region from which
respiratory structures are derived. The exact mechanism
of this process, however, remains unknown. This study
sought to expand our knowledge of Bmp4’s activity
within the gene regulatory network, by direct
overexpression and underexpression, followed by
analysis via qPCR. No consistent trends appeared, likely
because of embryonic negative feedback mechanisms,
that counteracted the induced effects on Bmp4.

THE EFFECTS OF A MICROORGANISM
STIMULANT AND COVER CROPS ON SOIL
HEALTH, YIELD, AND PROFIT IN A STRIPTILL CORNFIELD IN SOUTHEASTERN
MINNESOTA
Kendra N. Klenz, Magill Schumm, Thomas A. Knee,
and Kathleen L. Shea (Advisor)
Departments of Biology and Environmental Studies
St. Olaf College, Northfield, MN
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GLUTATHIONE S-TRANSFERASE EXPRESSION
IN MICE (Mus musculus) EXPOSED in utero TO
ATRAZINE
Megan Hafner and Debra Martin (Advisor)
Department of Biology
St. Mary's University of Minnesota

will be restored to C. lytica by cloning Celly_0269 into
shuttle vector pCP29 or PYT172 and introducing it back
into the mutant. We are currently preparing suicide
vector PYT313 for conjugation by cloning upstream and
downstream regions homologous to Celly_0269 into the
plasmid, confirming a replicative shuttle vector, and
optimizing protocols for conjugation and electroporation
in C. lytica. In the future, we hope to use this strategy for
the deletion and manipulation of many important C.
lytica genes, including suspected aminopeptidase
Celly_0965 and genes involved in gliding motility.

Atrazine is a widely used herbicide on crops in the USA
and has been found in ground water and streams where it
does not break down easily. Although the EPA has set the
annual safe concentration of atrazine in water systems to
be 3 ppb, levels above this have been measured leading
to concerns about environmental affects on health. In
mammals, the liver is the organ that helps to break down
environmental toxins, such as atrazine. One of the
proteins of interest in the liver is glutathione Stransferase (GST) because of its ability to target
xenobiotics. In this study, GST levels were determined
by Immunoblots for liver and serum samples of newborn
mice (Mus musculus) pups that were exposed to 0, 3, and
30 ppb atrazine in utero (n = >20 per group). Results
demonstrated that there was a decreasing trend in liver
GST levels as exposure to Atrazine in utero increased,
suggesting potential liver damage. This was not
supported by the serum samples since they also showed
a significant decrease in GST level as exposure to
Atrazine in utero increased.

EXAMINATION OF THE EFFECTS OF Xer81 ON
NEURAL TUBE CLOSURE IN Xenopus laevis
Nate Riedeman and Brian Hyatt (Advisor)
Department of Biology
Bethel University, St. Paul, MN
ETS transcription factors are one of the largest families
of transcription factors. They are known to be involved
with the development of tissues and also involved with
the progression of cancer. Xenopus ETS-related 81
(Xer81), known as ER81 in humans, is a transcription
factor that has been shown to be localized to different
tissues at different stages of development. It is possible
that Xer81 is responsible for regulating gene expression
in a multitude of tissue types during development. In a
previous study done at Bethel University, Xer81 was
knocked down with the microinjection of antisense
morpholino oligonucleotides and the results of that study
showed a phenotypic change, in which the neural tube
failed to close in the anterior compartment of the latestage neurula (Yelle and Hyatt, 2014). It is possible that
Xer81 affects the levels of the neural cell adhesion genes
that are required for the closure of the neural tube. The
primary goal of this project is to determine the extent to
which Xer81 is related to neural tube closure by
measuring the gene expression levels of various neural
cell adhesion genes when Xer81 is knocked down or
overexpressed. The neural cell adhesion genes that will
be measured are F-cadherin, N-cadherin, Focal Adhesion
Kinase (FAK), Nectin-2, and TATA Box Binding
Protein Associated Factor (TAF-1β). Other genes, such
as, XAgr2, Nlo, Ras-dva, and Noggin will also be
measured due to their localized expression in the same
place at the same time as Xer81 in the embryos. Xer81
has a very high degree of homology with the human
ER81 gene (Munchberg and Steinbeisser, 1999). For this
reason, study of Xer81 can be extremely relevant when it
comes to searching for cures and treatments of diseases
related to failure of the neural tube to close. Closure of
the neural tube is an essential step in development, as the
neural tube gives rise to the central nervous system in
vertebrates. Failure of the neural tube to close during
development can lead to diseases such as anencephaly

DEVELOPMENT OF A GENE DELETION
STRATEGY IN Cellulophaga lytica
Morgan Petersen, Kelsey M. Singer, Brita L.
Chritstenson, Emily N. Tellers, and Joanna R. Klein
(Advisor)
Biology and Biochemistry
University of Northwestern, St. Paul, MN
The gram-negative marine bacterium Cellulophaga
lytica has been identified as a degrader of carboxymethyl
cellulose (CMC), a cellulose derivative. Enzymes
involved in cellulose degradation are of particular
interest due to their specific applicability to biofuel
production. At least three cellulase genes are predicted in
the genome of C. lytica. One of these genes, designated
Celly_0269, has significant similarity to a confirmed
cellulase in C. algicola. Cloning and expression of C.
lytica gene Celly_0269 in Escherichia coli TOP10
conferred on E. coli the ability to degrade CMC. In order
to characterize the extent to which Celly_0269 is
responsible for cellulase function and to assist further
molecular investigations, we sought to develop a system
of gene deletion in C. lytica. We proposed to delete
Celly_0269 by using the suicide vector pYT313 carrying
ermF for erythromycin resistance and sacB for sucrose
selection. This vector is to be introduced by tri-parental
conjugation. After deletion, we will test for cellulase
function using the Congo Red Assay. Cellulase function
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and spina bifida, which affect every one-in-one thousand
pregnancies (Copp et al., 2013).

identified and cloned several genes from the T. brucei
genome. We report here the cloning of these genes into a
T. brucei expression vector designed to express an
epitope-tagged version of the proteins. In the future we
hope to confirm the localization of the protein products
of these genes to lipid droplets and extend this research
toward the identification of potential drug targets in T.
brucei.

ANTI-MICROBIAL PROPERTIES OF PLANTS
NATIVE TO THE PHILIPPINES AND TO
MINNESOTA
Nick Thell, Bridget Pethke and Jeanne Minnerath
(Advisor)
Department of Biology
St. Mary's University of Minnesota, Winona, MN

THE TENDENCY OF 17 α-ETHINYLESTRADIOL
(EE2) TO BIOACCUMULATE IN TWO BENTHIC
FISH SPECIES
Sarah Fanning and Joshua J. Lallaman (Advisor)
Department of Biology
St. Mary's University of Minnesota, Winona, MN

This study analyzed the anti-microbial activity of
chemical extracts isolated from two plants that are
members of the plant family Araceae, Epipremnum
pinnatum and Arisaema triphyllum, plants native to the
Philippines and Minnesota, respectively. To do this, plant
chemicals were isolated by ethanol extraction, and
minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) assays were completed
to determine whether the extracts inhibited the growth of
and killed the microorganisms Staphylococcus aureus,
Escherichia coli, and Pseudomonas aeruginosa. Results
suggested that extracts from both plants were able to
inhibit the growth of and kill the microorganisms tested.
Plant extract isolated from the leaves of E. pinnatum
exhibited the greatest anti-microbial activity; extract
isolated from the rhizomes of A. triphyllum was most
effective at inhibiting the growth of and killing the
microorganisms. Thus, E. pinnatum and A. triphyllum
may contain chemicals that would be useful in treating
diseases caused by microorganisms.

Endocrine-disrupting chemicals (EDCs) are a prominent
problem in aquatic environments today. 17αethinylestradiol (EE2), a synthetic estrogen, acts as an
EDC that is introduced into aquatic environments
through the effluents of Waste Water Treatment Plants.
Current water treatment methods are unable to break
down and remove the EE2 present in the excretions of
females that take oral contraception. Once in the
environment, bottom-dwelling fishes are more likely to
be exposed to EE2 in sediments; therefore, a native
(Carpiodes cyprinus) and an invasive (Cyprinus carpio)
benthic species were collected in Pool 5a of the
Mississippi river near Winona, MN. Tissue samples
were taken to determine EE2 concentration in lipid tissue
and compare concentration differences between native
and invasive species. Samples were analyzed with an
Ethinylestradiol ELISA kit purchased from
mybiosource.com. Concentrations were compared with
an independent sample t-test. The results of our ELISA
are still pending, but this research will provide initial
estimates of EE2 accumulation in benthic fishes near
Winona. Ultimately, we hope to determine if
bioaccumulation of EDC levels are concerning in this
portion of the Mississippi River.

ISOLATION AND CLONING OF Trypanosoma
brucei GENES INVOLVED IN LIPID DROPLET
FUNCTION AND BIOGENESIS
Robin Fettig, Carly Mickelson, and John A. Flaspohler
(Advisor)
Department of Biology
Concordia College, Moorhead, MN
Trypanosoma brucei, a bloodborne parasite of both
humans and animals, has long been a public health
concern in sub-Saharan Africa, accounting for numerous
human fatalities annually. T. brucei is the causative agent
of Human African Trypanosomiasis (HAT), which is
transmitted by the bite of the tse tse fly insect vector.
Untreated cases are typically fatal. Currently, few
effective treatments exist, but by obtaining a better
understanding of T. brucei genetics and physiology it is
hoped that potential therapeutic drug targets can be
identified. T. brucei is a single-celled eukaryote that
possesses organelles called lipid droplets. Evidence
indicates that this organelle may be important for the
parasite to maintain proper lipid homeostasis as well as
other critical metabolic processes. In an attempt to learn
more about lipid droplet function and biogenesis, we

EXPLORING THE USE OF BACTERIAL TOXINANTITOXIN SYSTEMS IN GENE THERAPY
Sarah Lucas and Mark J. Osborn (Advisor)
College of Biological Sciences
University of Minnesota–Twin Cities, MN
Gene therapy is the use of genetic engineering to correct
and cure a genetic disease by replacing a patient’s
defective allele with a functional one. This work is
carried out in the patient’s stem cells so that the effect of
the gene replacement will be permanent and continue
throughout the patient’s life. Unfortunately, what makes
the stem cells so valuable for gene therapy also makes
them difficult to culture, namely, their ability to
differentiate. When clumps of stems cells come in
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contact with one another, this can trigger them to
differentiate, which makes the cells less viable for use in
the gene therapy. We have begun to develop the
technology that will prevent this differentiation through
the use of bacterial toxin-antitoxin systems. These
systems have been shown to work in mammalian cells;
however, their application to prevent stem cell
differentiation has not been tested. In order to develop
this technology, we are in the process of building and
testing a construct that constitutively expresses both the
toxin and antitoxin in which the latter is turned off once
the stem cell starts to differentiate. To determine the most
efficacious toxins, eight were screened by transiently
infecting 293 and 3T3 cell lines. Using cell lines
transduced with the corresponding antitoxins, a dosage
study was conducted to quantify the potency of each
toxin. Currently, we are engineering a virus to infect the
stem cells with our construct. Once the stem cells have
been transduced, we expect undifferentiated cells to
survive and differentiated cell to die. This work will
advance gene-correction therapies by demonstrating that
the toxin-antitoxin technology can be used to facilitate
culturing of pluripotent stem cells.

Department of Biology
St. Mary's University of Minnesota, Winona, MN
Venoms from many different organisms contain a wide
variety of proteins and enzymes. Some protein and
enzyme components have been identified as having
medicinal components that may have the potential to be
used for treatment of cancers and other various medical
conditions. One venom-producing organism whose
venom composition remains largely a mystery is that of
Noturus gyrinus (tadpole madtom). Previous studies have
employed crude toxin in attempts to identify the effects
this particular venom has on different model organisms.
However, a technique to obtain pure venom samples has
not been described. Using a dissecting microscope, the
putative venom glands of the dorsal and pectoral fins
were identified. 30-gauge needles with 500µL syringes
were used to extract venom samples from anaesthetized
fish. Protein concentrations of venom were determined,
and SDS-PAGE revealed distinct protein bands at
approximately 105kDa, 18kDa, and 12kDa. Tests for
phosphatase activity were performed and showed
enzymatic activity in madtom venom. Gelatinase assays
indicated the presence of possible toxin serine proteases
at 95kDa and 90kDa along with another protease at
12kDa. Collagenase assays demonstrated toxin
enzymatic activity at 85kDa, 81kDa, and 10kDa. Gland
identification and toxin extraction techniques were
perfected. Proteins unique to toxin were identified and
multiple enzymatic functions of the toxin were
demonstrated.

DETERMINING THE IMPORTANCE OF
ENVIRONMENT FOR ESTABLISHING
INTESTINAL MICROBIAL DIVERSITY
Thomas J. Sorenson and Federico E. Rey (Advisor)
Department of Bacteriology
University of Wisconsin–Madison, Madison, WI
The mammalian intestinal tract is host to a multitude of
microbial species that have a large impact on different
aspects of life. Early-life exposures influence the
microbial composition of the microbiome. Recent
studies suggest that people growing up in rural settings
have better health outcomes than their urban
counterparts. To potentially elucidate the basis for the
improved health outcomes of rural dwellers, we are
investigating whether there is a difference in
microbiome diversity and composition as compared
with urban dwellers. Our results will allow us to
potentially make correlations between increased
microbial diversity and improved health outcomes,
especially regarding autoimmune diseases. We are
testing this hypothesis by sequencing the 16S rRNA
gene from fecal samples obtained from 430 participants
of the Wisconsin Longitudinal Study (WLS). The
generated results will help to provide evidence that
differences in early-life exposures can affect late-life
microbiomes and correlate with health outcomes.

Pythium pleroticum AND Pythium minus, GROWTHENHANCING Pythium spp. INFECTING
SOYBEANS
V. R. Brenk, J. E. Kurle, and G. Anderson (Advisor)
Department of Plant Pathology
University of Minnesota, Minneapolis, MN
Pythium spp. are ubiquitous oomycete pathogens of
soybean that cause root rots, delay or prevent seed
germination, and reduce seedling emergence. Most
Pythium species reduce seed germination, viability, and
final soybean yields at low temperatures in saturated
soils. In Minnesota, a recently completed survey reported
29 Pythium spp. infecting soybean. Among Pythium spp.
isolated in this survey, the effect of temperatures (15, 20,
and 25oC) on pathogenicity was dependent on species,
with increasing temperature either decreasing or in some
cases increasing pathogenicity. At 25oC infection with
two species, Pythium pleroticum and Pythium minus,
increased shoot growth, root length, root dry weight, and
shoot length. The objective of this research was to
compare the effects of apparently beneficial P.
pleroticum and P. minus with those of known pathogens,
P. ultimum and P. irregulare. Inoculation with P. minus

EXTRACTION AND ANALYSIS OF Noturus
gyrinus (TADPOLE MADTOM) DORSAL AND
PECTORAL SPINE TOXIN
Tyler Kline and Randy Krainock (Advisor)
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and P. pleroticum increased root growth 8.7 and 3.4%,
respectively, while P. minus increased shoot growth
>20%. Inoculation with P. ultimum and P. irregulare
decreased root growth and shoot growth 91% and 86%
and 86% and 69%, respectively. Our results indicate that
Pythium species differ in their effects on soybean growth
and that in moisture and temperature conditions where
pathogenic Pythium species reduce root and shoot
growth, selected species may instead increase root and
shoot growth. Future research should exploit the unique
characteristics of different Pythium spp. Breeding efforts
will screen for resistance to pathogenic Pythium spp.
Non-pathogens may be utilized as potential growth
promoters and biocontrol agents.

MicroRNAs AS POTENTIAL BIOMARKERS FOR
PEDIATRIC EPILEPSIES
Bridget Curtin, Anne Sarver, Subbaya Subramanian,
Sookyong Koh, and Reena V. Kartha (Advisor)
College of Biological Sciences
University of Minnesota–Twin Cities, MN
Epilepsy is a neurological disorder characterized by
seizures and high-frequency action potentials in the
brain. There are no reliable biomarkers for this disease,
which leads to late diagnosis and causes patients to have
neurological decline, cognitive impairment, and decrease
in quality of life. MicroRNAs (miRNAs) are small
noncoding RNAs that play a prominent role in normal
development and disease conditions. Disturbances in
miRNA expression have been implicated in epilepsy and
hence miRNAs can be developed as potential biomarkers
and/or therapeutic agents. This project aims to
understand miRNA expression in the brain of mouse
models of seizures. Seizures were induced in 15- and 45day-old mice either chemically or by high temperature
(like fever) and were compared with saline-treated
control group. These age-specific treatments mimic the
seizure types commonly observed in the clinic. miRNA
expression was determined by sequencing of total RNA
extracted from cortex and hippocampus from these mice.
Our initial analyses reveal tissue-specific changes in
miRNAs, which is dramatically pronounced in cortex
compared with hippocampus for all experimental
treatments. Further we observed that occurrence of feverinduced seizures early at day 15, has a long-term effect
on a later seizure, in terms of miRNA expression. Many
of the miRNAs that were upregulated in cortex were
involved in cellular proliferation and stemness. The
implication of this will be discussed. In summary, our
preliminary analyses indicate an important role for
miRNAs in epilepsies that has the potential to determine
outcomes after the occurrence of seizures.

PREDOMINANCE OF DR3 IN SOMALI
CHILDREN WITH TYPE 1 DIABETES IN THE
TWIN CITIES, MINNESOTA
Zahra Mahamed and Muna Sunni (Advisor)
College of Biological Sciences
University of Minnesota–Twin Cities, MN
Minnesota is home to the largest Somali population in the
United States, and pediatric diabetes teams are seeing
increasing numbers of Somali children with diabetes. To
assess the immune basis of diabetes in Somali children in
the Twin Cities, Minnesota, 31 Somali children ≤19yr
treated for type 1 diabetes (T1D) at the University of
Minnesota Masonic Children’s Hospital and children's
hospitals and clinics of Minnesota underwent analysis of
HLA alleles (n=30) and diabetes autoantibodies
(GAD65, IA-2, ZnT8; n=31). HLA alleles were analyzed
in 49 Somalis without diabetes (controls). Antitransglutaminase autoantibodies (TGA) for celiac disease
were also measured. In Somali children with T1D aged
13.5±5yr (35% female, disease duration 6.5±3.6yr), the
most common HLA allele was DRB1*03:01 (93%,
compared with 45% of Somali controls), followed by
DRB1*13:02 (27%). There was a relatively low
frequency of DR4 (13%). Controls showed a similar
pattern. All 31 participants were positive for at least one
diabetes autoantibody. Insulin antibodies were positive in
84% (all were on insulin). Excluding insulin antibodies,
23 (74%) subjects tested positive for at least one other
diabetes autoantibody; 32% had 1 autoantibody, 32% had
2, and 10% had 3. GAD65 autoantibodies were found in
56% of subjects, IA-2 in 29%, and ZnT8 in 26%. Four
(13%) were TGA positive. The autoantibody and HLA
profiles of Somali children with diabetes are consistent
with autoimmune diabetes. Their HLA profile is unique
with an exceptionally high prevalence of DRB1*03:01
allele and relative paucity of DR4 alleles compared with
African Americans with T1D.

RADIATION-INDUCED CHANGES IN CELF1
LOCALIZATION AND FUNCTION
Sundeep Dhanju, Calandra Sagarsky, Yeseul Ahn, and
Irina St. Louis (Advisor)
Department of Biology, Society, and Environment
University of Minnesota–Twin Cities, MN
Following genotoxic stress, cells activate the canonical
kinase-based signaling network (ATM/ATR) to arrest the
cell cycle and initiate DNA repair. Tumor cells rewire
their pathways for survival after DNA damage through
post-transcriptional mechanisms. We hypothesize that
the RNA-binding protein CELF1 plays a role in the
regulation of mRNA stability during the DNA damage
response. Previously we identified that CELF1 binds to
and facilitates the degradation of mRNAs that harbor
GU-rich motifs in their 3’ untranslated regions. Binding
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affinity of CELF1 to RNA is regulated posttranslationally, through phosphorylation. In these
experiments, malignant T cell lines (H9 lymphoma and
Jurkat leukemia), were irradiated with 5Gy of ionizing
radiation. mRNA degradation rates and CELF1
intracellular localization were monitored over the course
of 4 days post-irradiation. We observed that following
DNA damage, the phosphorylated CELF1 protein colocalizes with H2AX in the nucleus, within activated
DNA-double-strand-break repair sites. CELF1 gets
hyper-phosphorylated at 4 hours after irradiation, which
correlates with stabilization and the increase in
expression of GRE-containing stress-response mRNA
transcripts. We tested the phosphorylation of CELF1 at
the serine 28 residue and observed a decrease of the S28
signal in irradiated cells. Thus, DNA damage kinase
pathways (ATM/ATR) led to changes in phosphorylation
of CELF1, however not at the position of S28.
Altogether, we propose that the retention of CELF1 in the
nucleus could contribute to the stabilization of GREcontaining mRNAs in cytoplasm. Future research will
focus on identification of phosphorylation sites and
nuclear function of CELF1 during DNA damage repair.

from the liquid medium, and the biofilm cells are
removed from the coupons by means of sonication and
vortexing. Serial dilutions for quantitative culture are
then made from the harvested biofilm and planktonic
cells. Analysis of variance will be used to compare the
efficacy of NPV-1, ampicillin, and a combination of
both. These results may help to guide future, more
effective therapies for LVAD driveline infections.
EVALUATING ONCOLYTIC ADENOVIRUS AND
5FU CHEMOTHERAPY COMBINATION
TREATMENT FOR PANCREATIC CANCER
Jordan Sell and Julia Davydova (Advisor)
Department of Surgery
University of Minnesota, Twin Cities, MN
Previous studies have shown that Interferon(IFN)-based
chemoradiation therapy can improve survival after
resection of pancreas cancer. However, its clinical utility
to this point has been limited due to a severe toxicity
when given systemically. Gene Therapy represents a
promising approach to deliver localized treatments that
are effective and minimally toxic. Our aim in this study
is to evaluate our group’s novel oncolytic adenovirus
(OAd), which allows targeting IFN treatment to
pancreatic cancer cells while sparing healthy tissue. The
OAd, 5/3Cox2DE3ADPIFN, is selectively replicative in
cells highly expressing Cox2, allowing for specificity in
therapy. It has also been modified to include a 5/3
chimeric knob to facilitate transduction, an
overexpression of the adenoviral death protein, and
expression of our IFN gene of interest. This study was
conducted to analyze the combination of 5FU
chemotherapy and our OAd in vitro in order to assess the
interaction of treatments and determine the potential for
an optimal combined treatment regimen. Treatments
were analyzed in pancreatic cancer cell line S2013.
Recombinant OAds expressing luciferase rather than IFN
were used in this study to isolate the combination of 5FU
and the virus. Two viral models were evaluated: our
selective therapeutic virus (Cox2) and a nearly identical
but universally replicative virus (wild type). Cells were
treated with 0, 1, or 10 viral particles per cell and 0, 5,
10, or 20 uM 5FU. Three timing regimens were used:
simultaneous administration, 5FU 4 hours before virus,
and virus 48 hours before 5FU. MTS Assays were used
to measure cell-killing ability of treatments. Viral Copy
number was used to assess viral replication using qPCR
with a viral E4 primer. Cox2 expression was also
measured 4 and 24 hours after 5FU treatment alone using
RT-PCR followed by qPCR with Cox2 cDNA primers,
to assess the affect of 5FU on Cox2 expression in the
cells. Each analysis showed nearly identical effects from
the wild-type virus and Cox2 virus, suggesting no
functional change with selective replication. 5FU and
OAd produced dose-dependent cell death independently.
When using 5FU before OAd, the combination treatment

DISRUPTION OF Enterococcus faecalis BIOFILMS
ON VENTRICULAR ASSIST DEVICE
DRIVELINES
Adeel Ahmad1, Gary M. Dunny (Advisor)2, and AnneMarie Leuck (Advisor)3
1
University of Minnesota–Twin Cities, MN
2
Department of Microbiology, University of Minnesota,
Minneapolis, MN
3
Department of Medicine, University of Minnesota,
Minneapolis, MN
Left ventricular assist devices (LVADs) are implantable
pumps given to heart-failure patients to maintain blood
flow. LVADs require an external power source, the
driveline, which is connected to the device by a silicone
cord. Unfortunately, long-term LVAD use is often
complicated by infection of the driveline. These
infections are caused by biofilms, which are bacteria
embedded in an extracellular matrix and adherent to a
surface. Enterococcus faecalis is one type of bacteria
that causes driveline infections. Enterococcal biofilms
are difficult to treat because the extracellular matrix
shields the community of bacteria from the host’s
immune system and from most antibiotics. Therefore,
more effective treatment options are needed. We are
evaluating the efficacy of the bacteriophage NPV-1 as a
candidate treatment for E. faecalis biofilms in vitro
alone or in combination with ampicillin. Silicone disks
are incubated in human serum and then placed in liquid
cultures of E. faecalis for 24 hours to form biofilms, and
then 108 pfu/mL NPV-1 is added for an additional 24
hours. Planktonic cell concentrations are quantified
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showed effective killing that was comparable to the
single treatments alone. Simultaneous treatment showed
an enhanced killing effect with the combination in
comparison to single treatments. For 5FU after OAd the
combination treatment was superior to 5FU alone, but
was superior to OAd alone only when using the low viral
dose. Viral copy experiments in S2013 using
simultaneous treatment showed dose-dependent
inhibition of viral replication, with only the 20-uM dose
limiting viral replication over time. Cox2 expression after
5FU treatment showed a relative increase for all doses
with little difference between doses. Our Cox2 OAd
shows an effective killing ability similar to wild-type
OAd in pancreatic cancer cells. When combined with
5FU treatment, the expected summation in overall cell
death from the independent treatments varies by timing
of administrations. The combination treatment was at
least as effective as independent treatments for all
timings, with simultaneous treatment showing the
clearest additional killing effect. The inhibition of viral
replication at high dose of 5FU suggests a potential
limitation in the treatment combination. The data overall
suggest the possibility of a gene therapy treatment
regimen with optimal therapeutic effect, which appears
to be simultaneous treatment with consideration given to
the doses of 5FU and OAd. Analogous ex vivo studies
using patient derived xenografts are in progress. Further
studies investigating different chemotherapeutic drugs
and regimens should be conducted to explore the patterns
observed thus far.

β--galactosidase from Aspergillus oryzae is generally

recognized as safe (GRAS) by the Food and Drug
Administration (FDA). It is commonly used in food
products to remove lactose. In addition to its bgalactosidase activity, the enzyme also has a
transglycosidase activity and can add mono- and
disaccharides onto Galactose to form oligosaccharides.
Our initial objective was to find a noncompetitive
inhibitor for the enzyme to modify a laboratory
experiment using commercial preparations of βgalactosidase (Russo, S. F.; Moothart, L. J. Chem. Educ.
1986, 63, 242–243). We studied the kinetics of galactosidase from Aspergillus oryzae obtained from
Sigma and from CVS dairy relief powder using orthonitrophenol galactopyranoside (oNPG) as the substrate,
at pH 7.2. The resulting Michaelis-Menten experiment
was tested in a lab with 18 students. The KM for oNPG
is 1.3 mM. Galactose is a competitive inhibitor with a Ki
of 2.1 mM. Guanadinium hydrochloride (GuHCl) was
identified as a noncompetitive inhibitor with a Ki of 18
mM, well below concentrations required to denature the
enzyme. Additional research on β--Galactosidase
activity found that 5% ethanol increases the activity of bgalactosidase approximately 2-fold. Ethanol increases
the Vmax for oNPG hydrolysis. This might be due to its
ability to clear galactose from the active site after initial
hydrolysis and could be related to the transglycosidase
activity of the enzyme. Lactose enhances oNPG activity
at low concentrations, but is a competitive inhibitor at
higher concentrations with a Ki = 0.3 M. The human
equivalent of fungal -galactosidase is Lactose-phlorizin
hydrolase (LPH), which also hydrolyzes phlorizin at a
separate active site. Phlorizin quenches the fluorescence
of fungal
-galactosidase and shifts the emission
wavelength to higher values. Phlorizin does not inhibit
the enzyme’s oNPG activity. There is no indication in the
literature that phlorizin is a substrate for the fungal
enzyme, but the fluorescence quenching raises the
possibility that that the fungal enzyme also has a
phlorizin-binding site at a location different from the
oNPG active site.

CHEMISTRY  
CONTROLLED-RELEASE OF CHLOROQUINE
FROM POLYCAPROLACTONE FILMS
Aden Casey and Kenneth Rohly (Advisor)
Department of Chemistry
Bethel University, St. Paul, MN
Controlled-release drug delivery can offer a more
efficient and patient-friendly way for drug therapy to be
administered. Drugs can be dissolved in high molecularweight polymers, such as polycaprolactone, and formed
in to thin films that can be implanted within the body.
With proper development these thin, durable films could
be implanted within the target tissue for a localized and
constant treatment.

LIGAND-CAPPED SILVER NANOPARTICLES
FOR THE DETECTION OF HEAVY METAL
IONS
Austin Thompson and Jennifer Zemke (Advisor)
Department of Chemistry,
Winona State University, Winona, MN

FUNGAL β-GALACTOSIDASE KINETICS:
GUANIDINIUM CHLORIDE IS A
NONCOMPETITIVE INHIBITOR
Anna Pawliczuk and Paul Stein (Advisor)
Department of Chemistry
The College of St. Scholastica, Duluth, MN

In today’s industrial world there are many pollutants.
One of the most common and difficult to detect is that of
heavy metals. This research is focused on the use of
ligand-capped silver nanoparticles (AgNPs) to detect
heavy metal ions such as cobalt (II) (CO2+), nickel (II)
(Ni2+), copper (II) (Cu2+), and lead (II) (Pb2+ ) in water
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sources. The particular ligand being used for this project
is 3,4-dimethoxybenzenethiol (DMBT). Detection of the
ions is observed through binding of the ions in a 1:2 ratio
with the nanoparticles and is measured through the
change in the surface plasmon resonance (SPR) using a
UV-VIS spectrophotometer. So far, copper and nickel
have shown binding in similar selectivity while lead has
shown less binding capability. All three of these ions can
be detected down to 0.08 ppm. As well, cobalt does not
follow similar binding trends for unknown reasons.

employed with the gold electrode–voltammetric sensor,
platinum counter electrode, and Ag/Ag+ reference
electrode. Cyclic voltammetry will be applied to study
the ion transfer of polyacrylamide.
Projected Application: The proposed use of the
voltammetric sensor is in environmental remediation.
The polycationic polymer binds heavy metal
nanoparticles, resulting in the agglomeration of the
nanoparticle pollutants, which are removable after they
have sunk to the bottom of the water. . Polycation
detection is essential to control the removal process to
determine the amount of polymer needed to remove all
heavy metal nanoparticles without adding excessive
amounts of polymer. With the proposed sensor, this
reaction can be regulated and used as a method to remove
heavy metals from contaminated lakes and rivers.

SYNTHESIS OF A
H2S-DETECTING FLUORESCENT PROBE
Erin Johnson and Katie L. Peterson (Advisor)
Department of Chemistry
Bemidji State University, Bemidji, MN
The purpose of this experiment is to synthesize a
fluorescent probe which could be used to detect
hydrogen sulfide (H2S) in cells. H2S has been found to
be biologically relevant in physiological processes such
as neurological function, antioxidation, and antiinflammation. The probe was synthesized by reacting 7Hydroxychromen-2-one with 1-fluoro-2, 4Dinitrobenzene to produce 7-(2,4-Dinitro-phenoxy)chromen-2-one. This process successfully produced 7(2,4-Dinitro-phenoxy)-chromen-2-one, which has
different excitation and emission wavelengths. This
allows a reaction with H2S that removes the
dinitrobenzene group and regenerates the original 7Hydroxychromen-2-one and detection of H2S is
possible. Additional studies include examining the
response kinetics of the probe to H2S overtime and
measuring its selectivity for H2S over other biologically
active thiols.

DETERMINING THE BENEFITS OF
ALTERNATIVE HAIRCARE CONDITIONING
PRACTICES
Amber Godfrey, Darren A. Miller II and Heather
Sklenicka (Advisor)
Department of Chemistry,
Rochester Community and Technical College,
Rochester, MN
There has been a significant shift in health and beauty
practices in favor of more all-natural solutions. Among
these shifts is the use of alternative conditioners, such as
raw food items. These foods include, but are not limited
to, bananas, avocados, and honey, in lieu of traditional,
commercial conditioners. By observing physical changes
at the microscopic level, measuring initial and final hair
thickness, and determining initial and final tensile
strength, this research aims to validate anecdotal claims,
which support the use of alternative conditioning agents.

POLYCATION VOLTAMMETRIC SENSOR FOR
WATER REMEDIATION
Giang Le, Phil Buhlmann (Advisor) and Xue Zhen.
(Advisor)
Department of Chemistry
University of Minnesota―Twin Cities, MN

ANALYZING THE DIFFERENT MEMBRANE
INTERACTIONS OF CELL-PENETRATING
PEPTIDES
Anna Folska and Lisa Prevette (Advisor)
Department of Chemistry
University of St Thomas, St. Paul, MN

Objective: The purpose of this study is to develop an allsolid-state electrochemical sensor for the detection of
polyacrylamide polycations in aqueous samples. The
target compound―polyacrylamide―is a known soluble
polyelectrolyte coagulating agent used in the binding and
removal of metallic impurities.
Method: Conducting polymers―poly (3-octylthiophene)
will be drop-coated onto gold electrodes, serving as the
ion-electron transducer. The polymeric membrane will
consist of ETH500, nitrophenyl octyl ether, and
polyvinyl chloride diluted in tetrahydrofuran. The
polymeric membranes were drop-coated over the
conducting polymers. A three-electrode cell will be

Cell-penetrating peptides (CPPs) efficiently enter cells
while transporting proteins, drugs, and other cargos. Pep1, a 21-residue amphiphilic CPP, traffics cargo to the
nucleus once inside. It is known for its fast and strong
membrane interaction, superior delivery rates, and low
toxicity. Pep-1 is thought to directly penetrate cell
membranes instead of using an endocytosis pathway,
which could lead to higher internalization rates and
efficiency of attached drugs due to not having to escape
endosomes. Transactivating transcription factor (Tat)
peptide is an 11-residue CPP that has been widely used
to deliver covalently and noncovalently attached cargo to
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multiple cell lines and in vivo. It has been shown to enter
cells via energy-dependent endocytosis. Tat peptide is
non-structured, with 8/11 residues being arginine or
lysine, providing dense positive charge. The interaction
between these CPPs and lipid membranes is being
studied using isothermal titration calorimetry (ITC).
Results showed that Tat binds negative lipid (POPG)
membranes but not neutral (POPC) ones, suggesting an
electrostatic mechanism. This conclusion is being
confirmed by altering the salt concentration in the buffer
solution to observe the decrease in affinity. Pep-1,
however, was shown to bind POPC, suggesting
hydrophobic forces may play a role. With these results,
the nature of binding between these CPPs and model
membranes can be determined, which hopefully sheds
light on the different cell uptake mechanisms.

Evan Kalb and Thomas C. Marsh (Advisor)
Department of Chemistry
University of St Thomas, St. Paul, MN
DNA is known to follow traditional Watson and Crick
base pairing where adenine pairs with thymine and
guanine with cytosine to form helical duplex DNA. In
addition to this pairing, there exists a structure in which
guanine binds to other guanines to form a quartet
structure using Hoogsten hydrogen bonding called a Gquadruplex. Guanine-rich sequences of DNA that are
able to form these G-quadruplexes have been found in
telomere ends and oncogene promoter regions, hinting
towards interest in cancer therapeutic strategies. Gquadruplexes can also form supramolecular DNA
structures called G-wires, which are formed by the
spontaneous stacking of G-quadruplexes. There is
interest in studying G-wires in cancerous cellular systems
using fluorescent ligands to determine uptake, path, and
degradation. Before tracking the G-wires, we seek to
detail what the effect of fluorescent ligand binding has on
the conformation of the G-wire as well as determining
how ligand binding may compete with G-quadruplexes
as they self-assemble into G-wires. In this study, we
found an attenuation effect on higher-order G-wire
structures as we increased the concentrations of the
particular ligand present in the self-assembly.

AROMA MOLECULES AND SECONDARY
EXPERIMENTATION
Dionte Emerson and Heather Sklenicka (Advisor)
Department of Chemistry
Rochester Community and Technical College, Rochester,
MN
In the two-semester Organic Chemistry sequence there is
a general thought that everything the student makes gets
disposed of. In addition, labs at Rochester Community
and Technical College (RCTC) are all done on the
microscale for environmental and cost-saving measures.
For this reason, macroscale labs for isolation via steam
distillation have not been a part of the recent curriculum.
This project aims to bring isolation from natural sources
into the curriculum in a meaningful way. There are a
number of molecules responsible for the aromas
associated with essential oils. These molecules come in a
variety of chemical types and possess unique properties
that may be useful in educational experimentation.
Eugenol, Cinnamaldehyde, and Limonene were extracted
from ground clove, ground cinnamon, and lemon zest,
respectively, using macro-scale steam distillation.
Following the extraction, each product was used in a
follow-up experimental procedure depending on
molecular type. Eugenol was used in nitration reaction,
cinnamaldehyde was used in a Wittig reaction, and
limonene was used in a dihydroxylation reaction. The
products were then quantified and evaluated to determine
educational value. By isolating compounds from natural
sources and then using the isolate as a starting material in
a second-semester reaction, students will see how
synthetic materials often start from naturally occurring
molecules.

ANALYSIS OF X-RAY FLUORESCENCE
SPECTROSCOPY ON FORT UNION GLASS
TRADE BEADS
Hailey Karlovich1, Kyle Springer1, Nicole Grabow2, and
Deanna O’Donnell1
1
Department of Chemistry, Hamline University, St.
Paul, MN
2
Midwest Art Conservation Center, Minneapolis, MN
The study of chemistry can be used to make better
recommendations for treatment and preservation of
historical artifacts composed from different media,
including glass. Native American glass trade beads are
vulnerable to degradation, a process known as glass bead
disease (GBD). Due to inconsistent or substandard
manufacturing techniques, specifically the ratio of flux
and stabilizer in the glass, metals’ mobility increases in
the heterogeneous structure and can migrate to the
surface. These metals then react with water and carbon
dioxide in the air, forming carbonate or hydroxides
crystals that accumulate on the glass surface. To better
understand GBD, a subset of a collection of Native
American beads at Fort Union Trading Post was analyzed
using portable X-ray Fluorescence Spectrometer
(pXRF). This unique collection, which is independent of
natural materials that can accelerate degradation, may
inform how glass degrades from its components alone.
The beads’ full elemental compositions were identified

STUDY OF FLUORESCENT LIGAND
INTERACTIONS ON SUPRAMOLECULAR
G-DNA
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to determine if the different colorants or components
(formers, flux, stabilizers, or modifiers) may be
contributing to the glass beads’ condition. In this
preliminary study the elemental fingerprint of each bead
was determined along with relative abundances. Trends
in elemental composition were compared against each
bead’s condition, color, and type (e.g., hollow cane).
Additionally, various normalization methods were
explored to ensure reliable and reproducible results.

iron in the tree, it can lead to a disease called chlorosis.
The purpose of this experiment is to explore whether or
not trees can absorb excess amounts of iron. The Mesabi
iron range in northern Minnesota is rich with iron ore
deposits. Pine needles from two species of coniferous
trees (balsam fir and red pine) from the iron range are
tested for iron content and compared with the same
species growing in Bemidji, MN. Soil samples
surrounding the trees are also tested for iron content.
Inductively coupled plasma optical emission
spectroscopy (ICP-OES) is used to analyze the iron
content of pine needles and soil samples. It is assumed
that due to the abundance of iron in the soils on the iron
range, trees should contain higher-than-normal
concentrations of iron, compared with an area with less
iron in the soil.

BINDING AFFINITY OF PAH-COATED Au
NANOPARTICLES TO GRAM-POSITIVE
BACTERIAL CELL WALLS
Hannah Ganzel and Lisa E. Prevette (Advisor)
Department of Chemistry
University of St. Thomas, St. Paul, MN
With their potential in drug delivery, imaging, and
sensing, engineered nanoparticles are a fast-growing
and beneficial novel technology. Their surfaces are
often functionalized for stability and/or enhanced cell
interactions, but the effects of these different coatings
on the environmental impact of the nanoparticles are
largely unknown. Polyallylamine (PAH)-coated Au
nanoparticles are known to be toxic to gram-positive
bacteria, likely by attaching to the cell wall at one of
three locations: the lipid bilayer, the peptidoglycan
layer, or the lipoteichoic acids. A study was done in
order to determine where on the gram-positive cell
surface PAH-coated Au nanoparticles bind. Due to
strong electrostatic interactions between the positively
charged PAH polymer and the negatively charged
lipoteichoic acids, it was hypothesized that the PAH
coating on the nanoparticles would cause them to bind
to this site with the highest affinity. Binding studies
were performed using isothermal titration calorimetry
(ITC). The results showed no binding of PAH to model
lipid bilayers or peptidoglycan, though affinity
chromatography studies on the latter interaction are
needed for confirmation. Binding of PAH to
lipoteichoic acid was observed, as expected,
demonstrating the importance of charge in the cell
surface interaction with bacteria.

SNAR POLYMERIZATION AND HYDRATION
OF POLY(OXY-1,4-PHENYLENEETHYNYL-1,4PHENYLENE)
Keagan Anderson, and Dr. Thomas Nalli (Advisor)
Department of Chemistry
Winona State University, Winona, MN
Poly(aryl ethers)s (PAEs) are useful industrial
polymers, a notable example of which is PEEK, an
extremely durable plastic. PAEs are often synthesized
through nucleophilic aromatic substitution (SNAr),
which utilizes a halogen leaving group and an electron
withdrawing group (EWG) to form polymer chains
(Figure 1).
(1)
Figure 1. An Example of SNAr with a ketone
EWG and Fluorine leaving group
Alkyne groups as EWGs for SNAr polymerization were
explored and patented in the mid-1990’s, including the
reactions of the simple monomer, 1-(4-fluorophenyl)-2(4-hydroxyphenyl)acetylene (FPHPA). Such a
monomer can be reacted with itself through AB
polymerization, to form Poly(oxy-1,4phenylenenthynyl-1,4-phenylene) (POPEP) (Figure 2).

IRON CONTENT IN CONIFEROUS TREES:
MESABI IRON RANGE VS. BEMIDJI
Nicole Limberis, Joseph Simonson, and Katie L.
Peterson (Advisor)
Department of Chemistry
Bemidji State University, Bemidji, MN

(2)
FPHPA

POPEP

Figure 2. The AB
Polymerization of FPHPA
to form POPEP

Iron has an important role in the production of
chlorophyll in plants. In trees, iron is absorbed through
the roots and distributed throughout the plant. Therefore,
the iron content in the ground can possibly determine
how much is absorbed by the tree. If there is insufficient

This polymer has not been studied since the 1994 patent
and the patent does not give any information on its
properties. This research aimed to explore the
preparation and characteristics of this relatively
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unknown PAE. Thermal gravimetric analysis (TGA)
gave an onset of degradation at 378 ˚C, with full
degradation at 458 ˚C. We found POPEP, like many
PAEs, to be in various solvents, such as chloroform,
water, and acetone, making NMR difficult. The polymer
was found to be slightly soluble in THF-d8 allowing a
spectra to be obtained by performing 8000 scans 1H
NMR (20 h). We were interested in the use of triple
bond addition reactions to modify the polymer’s
properties and attempted acid-catalyzed alkyne
hydration reaction to form methylene ketone groups on
the polymer chain. Thus a microwave accelerated
hydration, using water, tosic acid, and Tetra-nbutylammonium bromide to attempt to hydrate the triple
bond was carried out, but a majority of the polymer was
unchanged. Extraction of the aqueous layer with ether
yielded a red powder. 1H NMR was consistent with the
methylene ketone group, and found approximately 7%
of the triple bonds reacted resulting in a soluble polymer
chain. Currently, the parameters for the hydration are
being reexamined and more tests are planned for the
future. Additionally, solvent tests under various
temperature and bromination are also possibilities.

FOR ORGANIC SOLAR CELLS AND THE
EFFECT OF NONPLANARITY ON THEIR
ABSORPTION PROPERTIES
Megan Niblock and Rollin A. King (Advisor)
Department of Chemistry
Bethel University, St. Paul, MN
Organic solar cells developed in the 1990s were based on
light absorption by conjugated molecules to generate
electronic excited states. In recent years, the efficiency of
organic solar cells has dramatically improved due to
discovery of more effective electron donors and electron
acceptors. Scharber et al[1] developed a simple model
used to estimate the energy efficiency of a donoracceptor polymer pair, applying them to different
polymers that have been used in bulk-heterojunction
polymer solar cells. In practice, these cells have been
reported to have 7.4% efficiency.[2] The dominant
electron acceptor polymer is PC60BM, while a vast
number and variety of donors are being explored.
Theoretically, the Harvard Clean Energy Project is
screening millions of compounds, applying the Scharber
model to an automatically constructed ensemble of donor
monomers. This group has provided the “top candidates”
to us for further investigation. The question of the
relationship between the promising donor monomers and
the corresponding donor polymers still remains. Three
monomers were chosen from among the top candidates
and were used to construct dimers by connection at
specific atoms. The energetic properties of these
competing isomers were explored along with the effect
of nonplanarity on the dimer absorption properties. The
ultimate goal is to arrive at principles to aid in polymer
design.

SYMMETRICALLY SUBSTITUTED BUILDING
BLOCKS FOR THE PREPARATION OF HYBRID
ORGANIC-POLYOXOMETALATE-BASED
FRAMEWORKS
Keenan Pearson and Wade A. Neiwert (Advisor)
Department of Chemistry
Bethel University, St. Paul, MN
Metal-organic frameworks have emerged largely through
single-metal coordination chemistry, but this project
aimed to design and generate polyoxometalate-based
materials. Polyoxometalate (POM) anions can be linked
by multicoordinate organic ligands. Hexavanadate
([V6O19]8–) is one such POM containing vanadium ions
in their most oxidized state, making it an effective
oxidizing agent. Through self-assembly, reaction of
decavanadate with a wide range of functionalized triols
yields an organic-bridged hexavanadate moiety. A
tritopic organic linker containing three triol groups
extending from a 1,3,5-substituted benzene has been
prepared. Extension of the arms of the organic building
block was achieved through a series of Sonagashira
cross-coupling reactions. Subsequent coordination of the
POM bridges will ensue, including characterization of
the potentially extended two-dimensional porous array.
Once assembled, the hybrid POM material may be
utilized as a heterogeneous redox catalyst with the
flexibility of altering the organic building blocks for
increased specificity for substrates.

[1] Scharber, M. C.; Mühlbacher, D.; Koppe, M.; Denk,
P.; Waldauf, C.; Hegger, A. J.; Braber, C. J. Design
Rules for Donors in Bulk-Heterojunction Solar Cells–
Towards 10% Energy-Conversion Efficiency. Advanced
Materials 2006, 18: 789–794.
[2] Liang, Y.; Xu, Z.; Xia, J.; Tsai, S.; Wu, Y.; Li, G.;
Ray, C.; Yu, L. For the Bright Future–Bulk
Heterojunction Polymer Solar Cells with Power
Conversion Efficiency of 7.4%. Advanced Materials
2010, 22.20: E135–138.
SYNTHESIS OF 6-CARBOXYHEXYL
ACRYLATE AS A MODEL FOR LOW-COST
SOLAR CELLS
Michael J. Strauss and Robert W. Kopitzke (Advisor)
Department of Chemistry
Winona State University, Winona, MN

INVESTIGATION OF THE ENERGETIC
PROPERTIES OF TOP DONOR CANDIDATES

Polymeric solar cells exist as potential lower cost
alternatives to conventional solar cells.1,2,3 Currently
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developed polymeric solar cells exist with low power
conversion efficiencies (PCEs) and are limited by low
quantum efficiency and carrier mobility. 4,5The inclusion
of nanoparticles into the polymer matrix offers an outlet
for increased PCE and quantum efficiency. Experimental
protocols are being conducted to synthesize 6carboxyhexyl acrylate from acryloyl chloride. The first
synthetic step involved reaction of acryloyl chloride with
6-chlorohexanol and triethyl amine to synthesize 6chlorohexyl acrylate.6 Following elongation of the
carbon chain, a Finkelstein reaction was conducted to
displace the chloride with an iodine via nucleophilic
attack.7 Finally, the primary alkyl iodide was converted
into the corresponding carboxylic acid by reaction with
NaNO2 and glacial acetic acid.8 Current work is being
conducted to attach the monomer to PbS nanoparticles by
the carboxylic acid. The resulting nanoparticle attached
ligands will be randomly copolymerized with ethyl
acrylate via electrochemical polymerization. The
resulting polymeric system will have the capacity to
serve as a model for the synthesis of cost effective
alternatives to traditional solar cells.

234-35.
IDENTIFICATION OF PRIMERS OF PUTATIVE
CARBOHYDRATE OXIDASE GENES FROM
TOMATO
Paige Marsolek and Jennifer A. Maki (Advisor)
Department of Chemistry and the Physical Sciences
The College of St. Scholastica, Duluth, MN
The sequencing of the entire tomato genome has led to
the identification of numerous uncharacterized proteins
that await further analysis. The tomato defense system is
of particular interest, as greater depth of understanding in
this area could allow for production of hardier tomatoes
and better crop yields. In this project, the carbohydrate
oxidase proteins identified in sunflower, lettuce, and
tobacco (Custers et al. (2004) Plant J. 39(2):147-160;
Carter and Thornburg (2004) Plant Physiol. 134(1):460469) were used to screen for homologous defense
proteins of interest from tomato using the Sol Genomics
Network website https://solgenomics.net. This project
looks to identify primers to amplify the putative
carbohydrate oxidase gene as a whole and in smaller
pieces. CLUSTAL alignment of sunflower, lettuce, and
tobacco carbohydrate oxidase sequences showed that
sunflower protein sequence was not as similar as the
others. Therefore, further analysis was conducted with
lettuce and tobacco sequences. These sequences were
also used to identify homologous proteins in potato since
it is a close relative of tomato. Multiple tomato sequences
displaying high similarity to the probe sequences from
lettuce, tobacco, and potato were used in the subsequent
steps of primer design. Total RNA was isolated from the
leaf tissue of MicroTom variety tomato. Total RNA was
used with the SuperScript IV First-Strand Synthesis
System from ThermoFisher Scientific to produce tomato
cDNA. Primers to the tomato sequence of interest were
generated using the NCBI primer design site. PCR
amplification will be used to obtain a product that can be
cloned using the TOPO TA kit from ThermoFisher for
overexpression allowing insight on
kinetic characterization.
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Chem Rev. 2007, 107, 1324.
3)   Coakley, K. M.; McGhee, M. D. Conjugated
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2004, 16, 4533-4542.
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SYNTHESIS OF Di-SUBSTITUTED BENZENEALKYNE ORGANIC LINKERS TO BE
FUNCTIONALIZED WITH POM
Rachel L. Parupsky and Wade A. Neiwert (Advisor)
Department of Chemistry
Bethel University, St. Paul, MN
The purpose of this project was to synthesize an organic
linker that could be used in a metal-organic framework.
The basis of this organic component was a di-substituted
benzene ring which was then extended to form a longer
arm. A di-substituted ring was being used so that the
framework could be characterized more easily by using
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standard methods such as NMR, IR, or x-ray
crystallography. The first product in the scheme, the
diester product, was synthesized to obtain an 89.9%-pure
product with a 72.8% yield (accounting for purity).
Product formation was confirmed using 1H NMR. The
second product, a functionalized diTRIS compound that
used the diester product as a reactant, was also
synthesized and a purification scheme is being worked
on. A POM was then synthesized and will be reacted with
the functionalized diTRIS.

IDEAL RATIO OF PEG TO PAMAM
DENDRIMER IN GENE DELIVERY
Stephanie Surma, Kyle Chamberlain, and Lisa Prevette
(Advisor)
Department of Chemistry
University of St Thomas, St. Paul, MN
Polycations are often used as non-viral gene delivery
agents due to their ability to bind electrostatically to
DNA. Unfortunately, the positive charge on the
polycation causes aggregation within the bloodstream
that can result in low delivery efficiency. Poly(ethylene
glycol) (PEG) is commonly attached to polycations to
reduce aggregation, increase stability, and shield charge
which lessens toxicity within the cell. A library of nine
PEG-PAMAM copolymers was synthesized with PEG
molecular weights of 750, 2000, 5000 Da in three
conjugation ratios (1:3, 1:12, and 1:30; PEG:PAMAM
primary amine). Binding studies such as electrophoretic
mobility shift assay, ethidium bromide exclusion assay,
and isothermal titration calorimetry were done to
determine the ideal molecular weight and conjugation
ratio of PEG. Dynamic light-scattering measurements
revealed aggregation of less PEGylated complexes in
physiological media, and these results were
thermodynamically quantified for the first time with ITC.
Both PEG molecular weight and conjugation ratio affect
DNA binding and complex stability, the latter having a
more significant effect. The ideal copolymer was found
to be that with 5000 Da PEG at a conjugation ratio of
1:12. These results indicate that PEG conjugation of nonviral agents can be optimized for preferred physical and
biological properties for gene delivery.

SYNTHESIS OF MIXED-METAL METALORGANIC FRAMEWORKS VIA ION
EXCHANGE IN SOLUTION
Sammy Shaker and Andreas Stein (Advisor)
Department of Chemistry
University of Minnesota–Twin Cities, MN
Metal-organic frameworks (MOFs) are materials at the
cutting edge of catalysis and gas sorption. These
constructs of organic linkers supporting few-atom metal
clusters provide high surface area and facile syntheses.
Metal clusters can be incorporated into MOFs either by
straightforward substitution of the relevant cluster in the
synthetic procedure for the production of a relevant
MOF, or by addition of desired metal atoms to the
clusters on a pre-assembled MOF with desirable
qualities, such as NU-1000. In this report, metal atoms
were incorporated into the metal clusters of existing NU1000 samples by means of ion exchange.
Characterization of the subsequent constructs by X-ray
diffraction, scanning electron microscopy, infrared
spectroscopy, and energy-dispersive x-ray spectroscopy
was carried out.
  
SYNTHESIS OF AN ALLYL ETHER SUBSTRATE
FOR PFTase
Shelby Auger and James W. Wollack (Advisor)
Department of Chemistry
University of St. Catherine, St. Paul, MN

ANALYSIS OF PUTATIVE CARBOHYDRATE
OXIDASE GENES FROM TOMATO
Tasha Engesser, Paige Marsolek, and Jennifer A. Maki
(Advisor)
Department of Chemistry
The College of St. Scholastica, Duluth, MN
The sequencing of the entire tomato genome has led to
the identification of numerous uncharacterized proteins
that await further analysis. The tomato defense system
is of particular interest, as greater depth of
understanding in this area could allow for the
production of hardier tomatoes and better crop yields. In
this project, the carbohydrate oxidase proteins identified
in sunflower, lettuce, and tobacco (Custers et al. (2004)
Plant J. 39(2):147-160; Carter and Thornburg (2004)
Plant Physiol. 134(1):460-469) were used to screen for
homologous defense proteins of interest in tomato using
the Sol Genomics Network website,
https://solgenomics.net. This project aims to clone the
putative carbohydrate oxidase gene allowing for further
study of its protein product. CLUSTAL alignment of

Protein Farnesyltransferase (PFTase) is an enzyme that
catalyzes the addition of a farnesyl group to Ras proteins.
Bioorthogonal isoprenoids can be transferred to a
cysteine toward the C- terminus of Ras proteins with
PFTase using copper-catalyzed click chemistry. Due to
copper’s cytotoxicity, non-natural isoprenoids cannot be
added in vitro. Presented here is one synthesis of a
bioorthogonal substrate that does not require a copper
catalyst during subsequent reactions after addition by
PFTase. This allyl ether would undergo Diels-Alder
cycloaddition with tetrazine containing a fluorophore.
The substrate is predicted to work with PFTase to
eventually add fluorescent properties onto targeted Ras
proteins.
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procedure
involving
stable
[Pd(C^N)(OAc)]2
intermediates. The [9]aneS3 complexes were
characterized through a variety of methods including Xray crystallography, 1H and 13C NMR, IR,
electrochemistry, and elemental analysis. NMR
spectroscopy indicates the bound [9]aneS3 is fluxional in
solution as a single 13C resonance is observed for all six
carbons of the ligand. X-ray crystallography shows two
genuine Pd-S bonds (2.2-2.4 Å), and one longer Pd...S
interaction
(2.86-2.91Å)
in
each
structure.
Electrochemical measurements revealed that PdII/III and
PdIII/IV reversible oxidations are present in each complex
of the series. Recent investigations focus on [9]aneS2O
analogs, employing mixed oxygen/sulfur donors. Though
[9]aneS3 complexes exhibit endodentate coordination at
PdII, the [9]aneS2O ligand adopts exodentate
conformations when ligated. DFT calculations to predict
and confirm experimental results will also be presented.
Our studies of these series of cyclometallated
palladium(II) complexes indicated that they indeed are
five-coordinate species in solution and in the solid-state
as well as emulate the redox chemistry of catalytic
systems.

sunflower, lettuce, and tobacco carbohydrate oxidase
sequences showed the sunflower protein sequence was
not as similar to the others. Therefore, further analysis
was conducted with lettuce and tobacco sequences,
along with potato due to its close relation to tomato.
Multiple tomato sequences displaying high similarity to
the probe sequences from lettuce, tobacco, and potato
were used in the subsequent steps of primer design.
Total RNA was isolated from the leaf tissue of
MicroTom variety tomato and used with the SuperScript
IV First-Strand Synthesis System from ThermoFisher
Scientific to produce tomato cDNA. Primers to the
tomato sequence of interest were generated using the
NCBI primer design site. PCR amplification will be
used to obtain a product that can be cloned using the
TOPO TA kit from ThermoFisher for overexpression,
allowing for kinetic characterization of the enzyme.
ROUTES TOWARD LANTHANUM(III)
TRIAZOLYLIDENE COMPLEX
Theresa N. Pham1, Dan Kremer1, Marites A. Guino-o1
(Advisor), and Daron E. Janzen2
1
University of St Thomas, St. Paul, MN
2
University of St. Catherine, St. Paul, MN

METHOD DEVELOPMENT FOR THE
IDENTIFICATION AND ISOLATION OF
SECONDARY METABOLITES IN FUSARIUM SP.
S7-4, DNA 38-P
Sophia Hani and Annalisa Jordan (Advisor)
Department of Chemistry and Biochemistry
St. Catherine University, St. Paul, MN

The search for different ligands for trivalent lanthanide
ions is important because these complexes have inherent
photo-physical properties. These complexes find
numerous applications in a variety of fields such as
bioimaging and anti-counterfeiting. Herein, we outline
our investigation toward the synthesis of a pincer-type
triazolylidene precursor and the corresponding
Lanthanum(III) triazolylidene complex.

More than 2 million people in the United States are
infected every year by bacteria resistant to antibiotics,
resulting in more than 23,000 deaths. It is clear that the
medical and pharmaceutical industries are in need of new
ways to treat infectious disease and counter the spread of
drug-resistant pathogens. One viable source for new
antibiotics are fungal endophytes: symbiotic and
pathogenic fungi of plants. As a part of their competitive
relationship with other organisms in the environment,
these fungi commonly secrete secondary metabolites
having antimicrobial activity. Our goal was to isolate and
identify antimicrobial compounds from an unidentified
Fusarium sp. (S7-4 DNA 38) collected from alfalfa crops
in Minnesota. Initially, fungal isolate S7-4 DNA 38
exhibited two distinct colors when grown in agar
cultures: pink (DNA 38-P) and orange (DNA38-O). For
this reason, the isolate was split and pigmented sections
cultured separately on rice for 30 days. Following rice
fermentation, fungal secondary metabolites were
extracted from the cultures using an organic solvent and
then subjected to antimicrobial assays. These extracts
displayed activity against Gram-positive bacteria
(Staphylococcus
epidermidis,
Staphylococcus
saprophyticus, Bacillus subtilis), a Gram-negative

PALLADIUM(II) THIACROWN AND
OXATHIACROWN COMPLEXES WITH
CYCLOMETALLATING LIGANDS
Meaghan Bruening and Daron E. Janzen (Advisor)
Department of Chemistry and Biochemistry
St. Catherine University
Many ligand substitution reactions involving d8 transition
metals employ a five-coordinate transition state which is
relatively unstable. The goal of our research is to access
a series of pseudo five-coordinate cyclometallated model
complexes which closely resemble these transition states.
Characterizing model systems that mirror these transition
states will aid in the design of better catalysts for a range
of organic transformations. Our target complexes were of
the
forms
[Pd(C^N)([9]aneS3)](PF6)
and
^
[Pd(C N)([9]aneS2O)](PF6)
([9]aneS3=
1,4,7trithiacyclononane,
[9]aneS2O=
1-oxa-4,7dithiacyclononane, C^N = 2-(2’-thienyl)pyridine, 2-(3’thienyl)pyridine, 2-(2’-pyridyl)benzo[b]thiophene, or 2phenylbenzothiazole). The synthesis of cyclometallated
[9]aneS3 complexes was achieved through a two-step
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bacterium (E. coli) and three fungi (Colletotrichum
trifolii, Phomamedicaginis pARL, Verticillium trifolii
N29), warranting chemical investigation. To determine
the compounds responsible for these antimicrobial
effects, extracts from DNA 38–P were purified in a series
of chromatographic steps. Each chromatographic fraction
was then tested in bioassays to follow the antimicrobial
secondary metabolites through the purification process.
To characterize sample purity and eventually the
chemical structure of purified metabolites, spectroscopic
data were collected including 1H and 13C NMR.
Ongoing separations of four column fractions displaying
antimicrobial effects will be presented.

the variation in composition comes the question of
performance: What effect does using these different
peptones in media have on bacterial growth? During the
summer of 2015, an emphasis was placed on removing
all animal-sourced material from bacteriological growth
media formulations used in probiotic
culturing. Cultures of Lactobacillus acidophilus were
grown in liquid media using peptones that were
obtained from Nu-tek Bioscience in their formulations
as the primary nitrogen source. The dry mass of peptone
added to each formulation was controlled based on the
total percent nitrogen. Comparative bacterial growth
curves were run in media formulations without beef
extract and in standard growth media. Conclusions of
the experiments include that, with the removal of beef
extract from the MRS base media, the media
formulations made with different peptones exhibit
varying amounts of growth. It was determined that
specific soy based peptone could be substituted for beef
extract in L. acidophilus growth media. These results
also translate to the growth of Lactobacillus rhamnosus
in meat free media formulations. Attempts to substitute
pea based peptone for beef extract in L. acidophilus
have not been successful at this point and require further
study.

NOVEL SYNTHESIS OF A
TETRASUBSTITUTED FURAN MOLECULE
Thomas Tuohy, Andy Peterson, Michael Sirianni,
Courtney Pahl, Andrew Kuelbs, and J. Thomas Ippoliti
(Advisor)
Department of Chemistry
University of St. Thomas, St. Paul, MN
The goal of this research was to determine the scope of
the newly discovered synthesis of tetrasubstituted furans
via an unprecedented rearrangement. This was
accomplished by synthesizing different starting
materials and converting them to furans. Various
propargylic diols were synthesized and then the reaction
conditions necessary to convert them to tetrasubstituted
furans were determined. It was found that weaker
electron donating substituents on a propargylic diol
required longer heating times in order for them to be
completely converted to the furan ring via the newly
discovered rearrangement. Characterization of each
new tetrasubstituted furan molecule was determined
using nuclear magnetic resonance spectroscopy and
mass spectrometry.

SYNTHESIS AND CHARACTERIZATION OF
THREE OLEOYL-PEG ORTHOESTER
MICELLES FOR DRUG DELIVERY
Francesca Ippoliti and Lisa Prevette (Advisor)
Department of Chemistry
University of St. Thomas, St. Paul, MN
There are many considerations for the effective delivery
of pharmaceuticals within the body, such as solubility,
stability during circulation, targeting to specific cells,
cellular internalization, intracellular trafficking, and
proper function once inside. These properties are
determined by the chemical structure of the drug
molecule. Drug delivery agents can be used to improve
upon these properties by packaging the drug, providing
reactive sites for targeting ligands, and/or interacting
with cell surfaces. Often, these delivery agents are
micelles that can carry hydrophobic drugs and release
their contents in a controlled way. Three new micelle
delivery agents were synthesized from polyethylene
glycol (PEG) and oleic acid linked through orthoesters.
Orthoesters hydrolyze at varying rates in different pH
environments and with different structural modifications;
therefore, ring size and functional groups were varied.
Characterization of the delivery agents was performed
using NMR, GPC, and DLS. These orthoester micelles
will be further studied for their potential as a delivery
agent for the chemotherapeutic doxorubicin to enhance
its bioavailability and pharmacokinetics.

COMPARING THE EFFECT OF DIFFERENT
PEPTONE FORMULATIONS ON BACTERIAL
GROWTH
Jennifer FitzGerald, Madeline Riemenschneider, Hailley
Cound, and Thomas C. Marsh (Advisor)
Department of Chemistry
University of St. Thomas, St. Paul, MN
Peptones are proteins that have been partially digested
by an enzyme, and are used in bacteriological media
formulations to provide a source of nitrogen, amino
acids, and carbohydrates. The source of protein, the
enzyme(s) used to digest the protein, as well as the
method of hydrolysis used in production may differ
among peptones. Companies that produce peptones
must meet consumer needs and provide peptones to fit
varying demands, such as being animal or animal byproduct free, non-GMO, or free of allergens. Along with
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DISCOVERY OF ORF7a–A NOVEL PRRSV
PROTEIN
Audry Tseng, Anthony Borgerding, Douglas Marthaler,
Diem Ngo, and Xiong Wang and Michael Murtaugh
(Advisor)
College of Food, Agriculture, & Natural Resource
Sciences
University of Minnesota–Twin Cities, MN

Alexander Dolabi and Karl R. Wirth (Advisor)
Department of Geology, Macalester College, St. Paul,
MN
Deep linear time is Geology’s proud offspring, but it may
be distorting the way we look at the Anthropocene.
Scientific reactions to the question of the Anthropocene
oscillate primarily between those who desire a formal
beginning to the epoch and others who argue that the
Anthropocene is principally a politico-cultural
phenomenon. Viewing this concept through a Marxian
lens reveals that both approaches fall short. Value, not
mankind, is the geological agent of our day. Furthermore,
it is precisely because we are entrenched within linear
time that we cannot see this metaphysical maneuver or
give a start date to the Anthropocene.

Porcine reproductive and respiratory syndrome virus
(PRRSV) is a highly genetically heterogeneous RNA
virus and causes the most severe disease of swine
worldwide. Disease manifestations vary widely from
mild respiratory infections to neurological involvement,
abortions, and death. To date, genetic variation in viral
isolates has not been linked to variation in disease
severity. Recently, we have noted that two virulent field
isolates encode a potential protein-coding region not
previously observed in PRRSV. Since it is possible that
virulence of these isolates that are associated with severe
PRRS is related to expression of a novel protein, we
investigated if the novel open reading frame expressed a
functional protein. First, we examined if pigs infected
with virulent viruses contained antibodies to the
predicted 83-amino acid protein. I produced the 83amino acid protein (named ORF7a since it was encoded
in a second open reading frame within the ORF7 gene
that encodes nucleocapsid) by expression in the
bacterium Escherichia coli, and purification by
immobilized
metal
affinity
chromatography.
Recombinant ORF7a was pure based on SDS gel
electrophoresis. Antibodies in serum from pigs infected
with virulent PRRSV, but not PRRSV without the
ORF7a, reacted with ORF7a in an ELISA. Importantly,
reactivity was maintained in the presence of a strong
denaturant, guanidine hydrochloride, indicating that
antibody reactions were specific and high affinity. In
addition, mass spectrometry analysis of cultured cells
infected with PRRSV isolates that encoded ORF7a, but
not isolates that did not encode the protein, showed that
peptides from ORF7a were present in cells infected with
virulent, but not control, PRRSV. These findings indicate
that PRRSV genetic variation is extensive, and results in
the emergence of novel proteins that may affect
biological characteristics, including virulence. The
discovery of a novel protein expressed in virulent
PRRSV revealed by these studies lays a foundation for
further investigation of virulence mechanisms in
PRRSV.

THE INFLUENCE OF UPPER-AIR WINDS AND
THE El Niño-SOUTHERN OSCILLATION ON
COMMERCIAL AIR TRAVEL
Jacob Arndt and Scott St. George (Advisor)
Department of Geography, Environment, and Society
University of Minnesota,  Twin Cities, Minneapolis, MN
Commercial air travel is routinely affected by short-term
weather events, but it is not clear how long-term aspects
of climate affect flight times. Here we examine how
climate variability influences zonal winds at cruising
altitude (200 mb) and how wind strength affects flight
times in the Minneapolis-Seattle corridor. We obtained
flight-time statistics for four airlines flying between
Minneapolis-St. Paul International Airport and SeattleTacoma International Airport between 1990 and 2015
from the United States Department of Transportation’s
Bureau of Transportation Statistics. We computed the
mean difference between eastbound and westbound flight
times (ΔT) to gauge the effect of atmospheric variability
on flight duration, and minimize the influence of changes
in airline operations or technology. Zonal wind speed
data for the same time period were obtained from the
NCEP/NCAR Reanalysis and were used to create a
spatially averaged 200-mb zonal wind index (u) over the
region. Interannual variability in ΔT is consistent across
all four airlines, and nearly 84% of the variance in ΔT is
explained by u. After removing the seasonal cycle from
both series, we observed several intervals of anomalously
low ΔT lasting from 4 to 12 months, most notably in
1997-98 and 2009-10. These events, which are
characterized by weak upper-level winds and modest ΔT,
coincide with major El Niño events, suggesting that
mode has a discernable influence on atmospheric
circulation in this corridor. Based on our findings, it
appears seasonal and annual variations in atmospheric
circulation may be relevant to commercial airline
operations in North America.

EARTH  SCIENCE  
DEEP TIME AND VALUE: THE IMPOSSIBILITY
OF LOCATING THE ORIGIN OF THE
ANTHROPOCENE
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COMPARATIVE BONE HISTOLOGICAL
ANALYSIS: TESTING A “TITANOSAUR
GROWTH PATTERN” IN Rapetosaurus krausei
Zoe Kulik and Kristi Curry Rogers (Advisor)
Department of Geology
Macalester College, St.Paul, MN

deciduous forests. Habitat selection is not always based
entirely off of resources. By investigating the species’
microhabitat, we aim to find other reasons for habitat
selection. I looked specifically at the habitat to answer
the question of what makes microhabitat suitable for the
Eastern chipmunk. We analyzed their habitat in northern
Minnesota on the College of St. Scholastica campus.
Eastern chipmunk activity was monitored using a
combination of live trapping and then radio collars.
Based on monitoring, five 100 m2 releve plots centered
around natal holes were constructed. For comparison,
two 100 m2 releve plots were constructed in areas with
low chipmunk activity. Eastern chipmunk habitat had
higher plant diversity, contained more vegetation with
fruiting bodies, and had higher amounts of ground
coverage with shorter growing forbs. Low-activity sites
had less overall ground cover that was mainly composed
of fallen leaves from trees, and these sites contained
more coniferous trees. These observations support the
ideas that the fruits provide a food source and lowgrowing plants provide protection from predators for the
Eastern chipmunk.

Bone histology yields abundant data on dinosaur life
history, and sauropods are among the most widely
sampled dinosaur taxa. Most sauropods exhibit highly
vascularized fibrolamellar bone that indicates fast growth
patterns comparable to those of extant mammals and
birds, and faster than growth rates in extant reptiles. Here
we focus on an ontogenetic, histological analysis of the
titanosaurian sauropod Rapetosaurus krausei, from the
Upper Cretaceous Maevarano Formation of Madagascar,
and test the hypothesis that Titanosauria exhibits a novel
growth pattern when compared with other sauropod
groups. The sample consists of twenty-six skeletal
elements of Rapetosaurus krausei at different
ontogenetic stages, including samples from the smallest
and largest Rapetosaurus individuals yet known (femur
lengths = 19.3 and 143.4 cm). We compared bone tissue
among specimens of similar relative size/age to garner an
understanding of growth throughout the skeleton, and
within single elements through ontogeny to decipher
growth history throughout life. Finally, we compared the
bone growth patterns in Rapetosaurus with those known
for other titanosaurs as well as other sauropods. Primary
bone in Rapetosaurus exhibits highly vascularized,
fibrolamellar tissue as in other sauropods. However,
some of the smallest juveniles in our sample exhibit
extensive replacement of the primary cortex by
secondary Haversian bone, with a high degree of
organization of the primary vascular spaces. In contrast,
the largest femur in our sample illustrates fast growth
patterns with abundant primary bone tissue. In these key
ways, Rapetosaurus growth aligns with that known in
other titanosaurs. Early onset of bone remodeling may be
a trait shared by titanosaurs that relates to a functional
specialization of the hindlimb anatomy.

FRUIT PREFERENCE OF EASTERN
CHIPMUNKS (Tamias striatus)
Nicholas J. Randall and Pam Freeman (Advisor)
Biology Department
The College of Saint Scholastica, Duluth, MN
This study focused on the food preference of the Eastern
chipmunk (Tamias striatus), a small rodent common in
Eastern deciduous forests of the US. Some food sources
may control the population of small mammals and
rodents, as they depend heavily on these high-energy
food sources. We were interested in both the order in
which fruits were selected and amount of fruit that was
eaten. We tested the preference of four different fruits,
native to the College of Saint Scholastica forest:
Amelanchier alnifolia, Rubus strigosus, Sambucus
racemosa, and Corylus cornuta. We predicted that
chipmunks would select R. strigosus first and eat more
compared with the other food choices. We tested food
preference in a semi-wild enclosure through the use of a
circular, 3-m diameter ring with 2.3 g of each fruit
provided. Each chipmunk was placed in the enclosure for
five minutes and general behavior was noted (feeding,
hiding in shade, jumping along wall, etc.). As predicted,
R. strigosus were selected first far more often and
significantly more in total mass was consumed (F=22.5,
p<0.001). Eastern chipmunks, like other small rodents,
did not chose food items that had the highest energy
content and did not following the optimal foraging
theory.

ECOLOGY  AND  
ENVIRONMENTAL  SCIENCE  
MICROHABITAT SELECTION OF Tamias striatus
WITHIN A MINNESOTA DECIDUOUS FOREST
Alexandra C. Quinn and Pam Freeman (Advisor)
Biology Department
The College of St. Scholastica, Duluth, MN
Eastern chipmunks (Tamias striatus) are found
throughout the eastern U.S. and play key role in the
ecosystem. In Minnesota their preferred macrohabitat is

ANNOTATION AND CLONING OF A
HYPOTHETICAL CELLULASE GENE IN
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Cellulophaga lytica
Kelsey M. Singer and Joanna R. Klein (Advisor)
College of Behavior & Natural Sciences
University of Northwestern, St. Paul, MN

paleoecological relationships for brachiopods within the
same genus.
THE EFFECT OF INOCULATION METHOD
AND ENVIRONMENTAL CONDITIONS ON
VARIETY RESPONSE TO INFECTION BY
Fusarium virguliforme
Dante Leyva Lundberg and James Kurle (Advisor)
CFANS/Plant Pathology
University of Minnesota–Twin Cities, MN

Cellulophaga lytica is a marine bacterium of particular
interest due to its production of many extracellular
enzymes that degrade proteins and polysaccharides. As
part of the Genomic Encyclopedia of Bacteria and
Archaea project of the DOE, its genome was sequenced
in 2011. Of the 3,358 predicted genes, only 2,218 have
been assigned a known function. Through manual
bioinformatic annotation, we determined that the
hypothetical gene with the locus tag Celly_0443 may
code for a cellulase, an enzyme capable of hydrolyzing
cellulose. To confirm that the gene does encode a
functional cellulase, we cloned it into the pBADTOPOTA expression vector. After determination of proper
vector construction, we tested for cellulase activity in
vivo using a Congo Red assay and found that the cloned
gene was not sufficient to degrade cellulose. Future work
will include in vitro testing for degradation of other
polysaccharides such as chitin or amylase.
THE INFLUENCE OF SPINES ON PREDATION
AND SURVIVORSHIP OF DEVONIAN ATRYPID
BRACHIOPODS
Broc Kokesh and Tracey Anderson (Advisor)
Division of Science and Mathematics
University of Minnesota–Morris, Morris, MN

Sudden death syndrome (SDS) caused by the fungus
Fusarium virguliforme is an important disease of
soybeans causing both root rots and foliar symptoms. The
most effective management method, varietal resistance,
utilizes markers for partial resistance identified by
phenotyping of plant resistance to pathogen infection. In
previous research, variety resistance rankings changed
markedly when differing inoculation methods and
environmental conditions were imposed to cause disease.
The objective of this research was to determine the effect
of inoculation method and environmental condition on
results obtained in resistance screening. Seedlings of
Noir and Minsoy (soybean varieties resistant and
susceptible, respectively to SDS) were transplanted into
soil inoculated with sorghum or cornmeal infested with
F. virguliforme. Inoculation treatments were divided into
two groups; one watered to field capacity daily, the other
saturated continuously by submerging pots in ½ inchdeep water. Uninfested sorghum, corn meal, and a soilonly treatment were included as controls. SDS foliar
symptoms were evaluated daily and shoot and root
growth measured 21 days after planting. Foliar symptom
severity rankings of continuously saturated treatments
were the inverse of the rankings of the daily watering
treatment. Our results indicate that conditions imposed
for resistance phenotyping may produce spurious
symptoms that would be useless for identifying
resistance markers or would highlight markers associated
with characteristics unrelated to SDS resistance. The
results also emphasize the importance of incorporating
proper control treatments in experimental design to
distinguish between the effect of inoculation treatment
and environmental conditions.

An understanding of the selective pressures that lead to
the innovation of evolutionary novelties for defense is
critical for studying predator-prey interactions through
time. From the Late Devonian (Frasnian) Lime Creek
Formation in north-central Iowa, brachiopods that
sported large spines (Atrypa rockfordensis) and those that
were spineless (Atrypa devoniana) were members of the
same marine community. To assess how spines may have
influenced predation of these brachiopods, I examined
predator-induced injuries in the form of boreholes and
scar markings preserved on the valve surface. Results
demonstrate that A. rockfordensis was attacked only at
smaller body sizes (length <17 mm) whereas A.
devoniana experienced attacks regardless of size,
suggesting that spines may have been an efficient defense
against predators. Furthermore, A. rockfordensis
experienced proportionally higher levels of attack from
drilling predators and had a relatively high juvenile
mortality. A. devoniana experienced more standard
injuries, suggesting that spines protected only against
scar-forming attacks later in life. These findings provide
evidence of attempted predation as a means of discerning
interactions among prehistoric organisms and are useful
in understanding the evolution of spines. This study is
also the first of such research to assess these

TEMPERATURE'S EFFECTS ON THE LEGUMERHIZOBIA SYMBIOSIS
Eric Holton, Amanda Gorton (Advisor) and Peter Tiffin
(Advisor)
Department of Plant Biology
University of Minnesota,Twin Cities, MN
Mutualisms are an incredibly powerful ecological and
evolutionary force. Agricultural practices to increase the
available nitrogen of crop lands have included the use of
the legume-rhizobia mutualism for decades now. This
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project attempts to answer the question of whether or not
rhizobia, gram-negative bacteria capable of living within
the roots of legumes, have adapted to growth in
temperatures specific to their geographic origin. It also
seeks to understand whether or not rhizobia have adapted
to life with hosts who experience the most success in
temperatures similar to the rhizobia’s native climate.
Work concerning temperature and other climatic
variables has been done with lines of rhizobia maintained
in laboratory conditions. There is no evidence to suggest
that these strains are more or less fit to live in certain
temperatures due to temperature ranges experienced in
their native climates. Here, hot and cold climate
Sinorhizobium meliloti strains were combined with hot
and cold accessions of Medicago truncatula in two
growth chambers of temperature treatments 20° and 25°
C. Rhizobia produced similar nodule counts across
twelve rhizobia x Medicago combinations, yet the plants
paired with the Brazil and Egypt strains grew very small
relative to the rest of the plants. Temperature treatment
produced statistically significant differences in plant
height/size and nodule count, but the pairing of rhizobia
and Medicago from similar geographic origins did not
produce significantly different results. More work must
be done to understand the pairing and success of the
mutualism in order to fully understand temperature’s
effects.

monarch presence along the gradient. We found an
unexpected negative correlation (r = -0.61) between
milkweed density and monarch abundance. These
results indicate there may be many environmental
dynamics influencing monarch abundance beyond the
discrete driver of urbanization. Additionally, these
results suggest that urban pollinator gardens may prove
as successful as rural milkweed populations in
supporting monarchs despite the added stressors of the
urban environment.
THE EFFECTS OF ULTRAVIOLET RADIATION
ON PHOTODEGRADATION OF SAGEBRUSH
LITTER COLLECTED ALONG AN ELEVATION
GRADIENT
Philip Fraley and Christopher Ruhland (Advisor)
Department of Biological Sciences
Minnesota State University, Mankato, MN
A major contributor to the global carbon cycle is the
decomposition of plant litter. Carbon dioxide released
from decomposing organic material is an order of
magnitude greater than that of fossil fuel combustion.
Decomposition rates are typically dependent on climatic
factors such as temperature and moisture as well as initial
litter chemistry. However, the relative contribution of
different wavelengths of radiation has only recently been
examined and is not completely understood. The process
of photodegradation involves the direct and indirect
breakdown of plant litter components. Lignin, a major
constituent of the secondary cell wall, has been
implicated as a target for photodegradation. Lignin
strongly absorbs ultraviolet radiation (“UV”; 280-400
nm) and it is unknown if initial concentrations influence
decomposition rates of plant litter. We collected leaves
from a 1000-m elevation gradient in the Bighorn
Mountains in Wyoming. Epidermal transmittance of UV
increased from 12 to 20% along this gradient and there
was a concomitant increase in concentrations of bulksoluble UV-absorbing compounds. We hypothesized that
litter from high elevations should photodegrade slower
than their lower elevation counterparts due to increased
UV-screening qualities. These leaves were placed under
lamps and exposed to 3.2 kJ m-2 d-1 of UV. We examined
decomposition rates at 49, 183, and 310 days. Mass loss
was negatively correlated with elevation. This
relationship became more apparent over time. It appears
that UV levels should be taken into consideration when
trying to model decomposition in arid environments.

MONARCH ABUNDANCE OVER AN URBAN
GRADIENT
Desirea Thole1, Jessamine Finch2,3(Advisor), and Joel
Abraham4
1
Minnesota State University Mankato
2
Chicago Botanic Garden Glencoe, IL
3
Northwestern University Evanston, IL
4
Yale New Haven, CT
Declining populations of pollinators has been a
significant issue in recent years, and the monarch
butterfly (Danaus plexippus) is the face of many efforts
to educate the public involving repercussions of
pollinator loss. Monarch butterfly populations have
decreased by 80-90% within the last two decades.
Members of the milkweed genus (Asclepias spp.) serve
as the obligate host plant for monarch eggs and larvae.
Numerous monarch conservation efforts have been
focused in cities, such as the establishment of pollinator
gardens. However, urban areas contain many
environmental stressors that may fail to support
monarch reproduction and survival. To investigate the
impact of urbanization on monarch abundance, we
monitored nine populations of A. syriaca spanning an
urban gradient in the Chicago region. We chose A.
syriaca specifically because it is the most widely used
monarch host plant and is widely found in both urban
and rural areas. We found no significant difference in

PROPAGATING THE ENDANGERED SPECIES,
Polemonium occidentale ssp. lacustre, FOR FUTURE
RESTORATION
Sol Jin1 and David Remucal2 (Advisor)
1
Department of Mathematics and Science, Crown
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College, St. Bonifacius, MN
2
Curator of Endangered Plants, Minnesota Landscape
Arboretum, Chanhassen, MN

differences in female latency to respond to male calling
song.
FROM GOLF COURSE TO PRAIRIE: INITIAL
ASSESSMENT OF LOCAL MICRO BIOMES IN
RESTORATION AREAS
Vincent Anani and Sara Anderson (Advisor)
Department of Biosciences
Minnesota State University–Moorhead, MN

Polemonium occidentale ssp. lacustre is an herbaceous
perennial that grows in wetlands and open forest areas
with white cedar and black spruce trees. There are only
six populations in the northern part of Minnesota and
Wisconsin. This subspecies is in greatest danger of
extinction from changes in hydrologic regime by beaver
or human activity; future influences of climate change
are also a concern. As part of the conservation program
at the Minnesota Landscape Arboretum, the main
objective of this project was to inform those doing
restoration work by germinating seeds from two
different populations, and observing seedling growth on
different media. It was hypothesized that different soil
characteristics, such as the pH, will affect plant growth.
Approximately one hundred seeds from each population
were germinated. To measure effectiveness of three
experimental soils, the phenology of Polemonium was
studied, counting the leaves and measuring the height of
individual plants. Soil analysis indicated that the plants
grow best approximately between pH 6.4-6.7. Collected
data also showed that one population had very low seed
viability. This indicates that seed collection from this
population needs to be larger than a population with a
higher percentage of viable seed in order to have an
effective seed bank. It was also speculated that the
plants would survive at the Arboretum bog, which has a
pH of 6.3.

Tallgrass prairie is one of the world’s most endangered
ecosystems, with less than 1% remaining from preEuropean settlement era in North America. In an effort to
conserve and preserve Minnesota’s natural landscapes, a
large-scale (160 acres) restoration project is occurring in
northwestern Minnesota over 3-5 years through a joint
project with MSU-Moorhead, MN DNR, and
consultation with TNC. A portion of the land to be
restored has been managed as a golf course for
approximately 50 years, including intensive fertilizer and
herbicide treatments as well as land-moving to create
greens, tea boxes, and sand traps. The other major area to
be restored is an old, abandoned field that had previously
been in agricultural use and has remained unmanaged for
several years. Adjacent land provides access to highquality remnant prairie and recently restored prairie by
The Nature Conservancy that may provide benchmarks
toward building a profile of high-quality prairie in terms
of the microbial life that echoes characteristics used to
assess plant communities. In this experiment, our goal is
to assess the microbial diversity before, during, and after
restoration activities. We collected soil samples from
restoration areas, the golf course, and the old field. We
used
culture-free,
sequence-based
taxonomic
characterization to compare and track changes to
microbial communities in response to changes in land
management.

EFFECTS OF CAPTIVE-REARING ON THE
COMMON HOUSE CRICKET, Acheta
domesticus, AND ITS DIFFERENCES IN
BEHAVIOR COMPARED WITH ITS WILD
COUNTERPARTS
Xinci Tan and Marlene Zuk (Advisor)
Department of Ecology, Evolution, and Behavior
University of Minnesota–Twin Cities, MN

ISLAND COLONIZATION DISTANCE AND
SELF-COMPATIBLE REPRODUCTION IN
PLANTS
Timothy J. Ohlert1 and Emma E. Goldberg2 (Advisor)
1
Environmental Science, Policy, and
Management/College of Food, Agricultural and Natural
Resource Sciences
2
Department of Ecology, Evolution, and Behavior,
University of Minnesota–Twin Cities

Animals reared in captivity often exhibit maladaptive
traits that are unfavorable in the wild. Where
overcrowding and relaxed selection are common, the
simulated environments cause animals to possess
genotypes and phenotypes that can sometimes be very
different from those of their wild counterparts. This poses
a significant problem for researchers using these captive
animals as models to make scientific generalities. I
studied the extent to which behavioral characteristics in
captive-bred subjects differed from wild subjects in
Acheta domesticus, the common house cricket. Because
overcrowding may cause females to confuse song and
singer, I hypothesized that captive-bred females are less
choosy than wild-caught females and tested for

A large portion of plant species are hermaphroditic; a
single individual has both pollen and ovule. Of
hermaphroditic species, some are self-compatible (SC),
in which an individual can provide both the pollen and
ovule for reproduction, and some are self-incompatible
(SI), in which pollen must come from a different
individual in order to reproduce (Barret, 2002). Baker
(1955) hypothesized that SC plant species have a
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colonizing advantage over SI plants because they only
require a single chance colonization event in order to
establish a population. MacArthur and Wilson (1967)
theorized that in island colonization, islands farther from
mainland would be colonized by fewer species than
closer islands because chance colonization events
become more rare as island distance increases. Here we
test the combination of these two theories, does island
distance have an effect on SC and SI colonization? We
examined the ratio of SC to SI species on islands at
varying distances for three families, Asteraceae (n=98),
Brassicaceae (n=59), and Solanaceae (n=93). We found
island distance to have a significant effect on SC to SI
frequency in Brassicaceae, but found inconclusive results
in Asteraceae and Solanaceae. Island distance appears
relevant in predicting SC and SI plant colonization, but
the strength of the relationship of island distance to
dispersal distance varies greatly by plant family. It is
likely that more factors affect SC and SI colonization
distance relationships, so further research is necessary to
examine other potential variables that may affect plant
dispersal to islands.

silicon alkoxide ratio maximized transmittance through
the gel. The cytocompatibility of the encapsulation
process was tested by oxygen evolution experiments with
encapsulated cells using a clark-type oxygen electrode
(Oxygraph). Light attenuation within the gel due to cells
was tested and the results indicated that cell loading
density limits oxygen production once the matrix
becomes too crowded. Cytocompatibility can also be
harmed by ethanol groups, which are a byproduct of
silicon alkoxide hydrolysis. Understanding the kinetics
of gelation can help to evaluate the exposure of cells to
this toxic byproduct and the evolution of the gel’s
mechanical structure. We characterized the gelation
kinetics optically and calculated a gelation time (Tgel)
computationally. A rheological study was used to verify
the optically determined gelation kinetics.
SOLID-STATE LIGAND EXCHANGE METHODS
WITH CDSE/CDS QUANTUM DOTS TO OBTAIN
UNIFORM COVERAGE
Kathryn Vlasic, Dana Dement, and Vivian Ferry
(Advisor)
Department of Chemical Engineering and Materials
Science
University of Minnesota, Minneapolis, MN

Baker, H. G. (1955). Self-compatibility and
establishment after ‘long distance’ dispersal. Evolution,
9(3), 347-349.
Barret, S. C. (2002). The evolution of plant sexual
diversity. Nature Reviews Genetics, 3(4), 274-284.
MacArthur, R. H., & Wilson, E. O. (1967). Theory of
Island Biogeography. (MPB-1) (Vol. 1). Princeton
University Press.

Quantum dots are used for semiconductors because of
their ability to absorb and transmit light at specific
wavelengths. This control is obtained through the size
of the quantum dots. The integration of quantum dots
into electronic devices is specific to the materials and
geometry of device used. Here, the quantum dots were
adhered to the surface of a substrate which was glass
covered in a layer of titanium oxide. A solid state ligand
exchange occurred between oleic acid capped CdSe/
CdS quantum dot core/ shells and 3-Mercaptopropanoic
acid (3-MPA). Layers of 3-MPA capped quantum dots
were built up on the substrate via dip coating. The
uniformity of the film was characterized using optical
microscopy where the length of time of the ligand
exchange will be compared.

ENGINEERING  
OPTICAL CHARACTERIZATION OF
COLLOIDAL SILICA GELS FOR
ENCAPSULATION OF OXYGEN-PRODUCING
CYANOBACTERIA
Benjamin Meyer and Alptekin Aksan (Advisor)
Department of Mechanical Engineering
University of Minnesota–Twin Cities, MN

EFFECTS OF SULFATE AND SULFIDE ON THE
LIFE CYCLE OF WILD RICE
Marissa Samuelson1 and Nate Johnson2 (Advisor)
1
Department of Mechanical Engineering
1
Century College,  White Bear Lake, MN
2
Department of Civil Engineering
2
University of Minnesota Duluth, Duluth MN

Cyanobacteria are commonly used in biotransformation
processes, including synthesis of biofuels, food additives,
and pharmaceutical compounds. Silica gel encapsulation
provides a mechanical scaffold and protection to the
otherwise small and fragile bacteria. To maximize the
biotransformation efficiency, the silica gel material needs
to be optically transparent and mechanically strong, and
the encapsulation process needs to be cytocompatible.
We adjusted the properties of the gel by tuning the
relative amounts of precursors (silica nanoparticles and
silicon alkoxide) in the silica gel composition. The
optical transmittances of the gels were tested by UV-Vis
spectrophotometry, and a 5:1 silica nanoparticle-to-

Wild rice is a valuable food source, as it is Minnesota’s
state grain. In addition, wild rice is important to Native
American culture and history. We conducted research on
the biogeochemistry habitat of wild rice. We are
collecting data to distinguish the effects various elements
entering our rivers, lakes and streams may have on rice
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plants. We have found that sulfate diffuses into wild rice
beds from the surface water and combines with iron to
form a precipitate, affecting nutrient uptake.

concentrations in dried oyster mushrooms. Pulverized
mushrooms plus cholesteryl stearate were Soxhlet
extracted with petroleum ether, dried over Na2SO4, and
derivatized as TMS-ethers, then analyzed by GC-MS.
The effect of extraction time was investigated with the
finding that maximum sterol extraction could be reached
at 4 hours. Dried mushrooms ground to a powder using
an electric coffee grinder were found to extract a larger
amount of sterols than mushrooms ground with a mortar
and pestle; however, the relative amounts of the various
sterols were consistent. Also for this research, three
additional species (Tuber indicum, Lentinula edodes, and
Lactarius indigo) were analyzed. The amounts of
ergosterol extracted were less than those of reported
freeze-dried fresh mushrooms in the species studied.

TRANSPARENT, CONDUCTIVE AL-DOPED ZnO
THIN FILMS VIA COLLOIDAL SYNTHESIS,
ULTRASONIC SPRAY DEPOSITION, AND
INTENSE PULSED LIGHT SINTERING
Michelle A. Smeaton, Bryce A. Williams, and Eray S.
Aydil (Advisor)
Department of Chemical Engineering and Materials
Science
University of Minnesota, Twin Cities, Minneapolis, MN
Doped zinc oxide has received increased interest for
applications in transparent electrodes which are crucial in
many modern electronic and optoelectronic devices such
as light-emitting diodes (LEDs), solar cells, and
photodetectors. Herein, we report a facile, three-step
process for producing transparent, conductive Al-doped
ZnO thin films suitable for eventual scale up to
continuous roll-to-roll processing. Aluminum-doped zinc
oxide plasmonic nanocrystals were synthesized using a
non-injection, liquid synthesis. Particles were
characterized using FTIR spectroscopy and XRD at
reaction times 15 to 180 minutes, which confirmed quick
particle nucleation and growth times and incorporation of
Al in the cores of the particles as well as the surface. The
resulting dispersion was coated onto substrates via
ultrasonic spray deposition to produce micron-thick
films. Coating morphology was analyzed using SEM to
optimize the dispersion loading for smooth, uniform
coatings. The coatings were sintered using intense pulsed
light (IPL) to produce conductive films. Surface
morphology was analyzed once again and the films were
tested for conductivity, mobility, and carrier density.
Further experimentation with IPL parameters will
improve these properties.

EFFECTS OF G TO A MISSENSE MUTATION
ON GAG-MEMBRANE ASSOCIATION AND
PACKAGING IN MURINE LEUKEMIA VIRUS
Vikram Puram1 and Louis Mansky2 (Advisor)
1 College of Science and Engineering–Department of
Biomedical Engineering
2 Department of Microbiology and Immunology
University of Minnesota –Twin Cities, MN
The murine leukemia virus (MLV) is one of the simplest
retroviruses, yet a very significant one. Its significance
was considered once it was shown to induce leukemia in
inoculate mice. While it has not been shown to affect
humans, its simplicity and genetic similarities to other
retroviruses allow it to serve as a good model for the
study of viral infection. In this study, we show that a G
to A Missense Mutation in the Murine Leukemia Virus
destabilizes the interaction of Gag-Membrane
Association. The retroviral Gag polyprotein is involved
in virus assembly and exit from the cell. Gag proteins
dimerize and then oligomerize at the plasma membrane
to form a lattice structure, allowing the virus particles to
bud and exit cells. The early events in the retrovirus
assembly pathway, particularly the timing and nature of
Gag translocation from the site of protein translation to
the inner leaflet of the plasma membrane, are poorly
understood. This experiment was performed in order to
identify the effects of mutating the amino acid glycine to
alanine and helps provide insight into the dynamics,
interactions, and morphology of the gag protein under the
condition of mutation–we have found that this mutation
makes the virus unable to assemble properly.

GC-MS DETERMINATION OF PHYTOSTEROL
CONCENTRATIONS IN DRIED MUSHROOMS
Sumar Quint, Alix Overgard and Thomas W. Nalli
(Advisor)
College of Science and Engineering
Winona State University, Winona, MN
Our research lab is working on determining the
phytosterol content of dried mushrooms. Two of these
sterols, ergosterol and ergosta-5,7-dienol, are especially
important due to their role as light-activated precursors
of vitamin D2 and D4, respectively. Four species of
commercially available, edible, dried mushrooms
(Pleurotus ostreatusi, Morchella, Boletus edulis, and
Auricularia polytricha) were previously analyzed in our
lab. For this research, cholesteryl stearate was used as an
internal standard to determine absolute phytosterol

GROWTH OF RARE EARTH AND TRANSITION
METAL DOPED BaSnO3 THIN FILMS VIA HIGH
PRESSURE OXYGEN SPUTTER DEPOSITION
Sharacol E. Marcellino, Koustav Ganguly, and Chris
Leighton (Professor)
Department: Chemical Engineering and Material
Science
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sentences for parts-of-speech and basic syntactic tree
representations. These annotations will act as the gold
standard set to which I will compare the parsers’ outputs.
The next step is to develop a Python program that
implements all of the parsers and returns the individual
outputs with mean/standard deviation parse time, and
then compares PoS tagging precision and classification
success rate (F1 score) as well as tree structures with my
manually annotated sentences and trees. After the
program has been run, I will examine the results to see at
which operations each parser performs well or poorly.

University of Minnesota–Twin Cities, MN
The recent discovery of high electron mobility (320
cm2V-1s-1) at 300 K in Ba1-xLaxSnO3 single crystals
provides a great motivation for achieving similar
properties in thin films [1]. But, there still remain some
outstanding questions in this context, like choice of
dopants or site, and role of dislocations in films, the latter
being of significant importance in films because of the
dearth perovskite substrates with lattice parameter close
to 4.116 Å. The primary emphasis of this work is
synthesis of doped BaSnO3 sputtering targets to be
subsequently used for growth of epitaxial thin films using
high pressure oxygen sputtering. Characterization tools
such as X-ray diffraction (XRD) has been extensively
used to evaluate the stoichiometry of the targets and
films. Atomic force microscopy (AFM) has been used to
study the surface morphology of thin films.
[1] H. J. Kim et al., Applied Physics Express 5, 061102
(2012)

PRESCRIPTION ADHERENCE AMONG
UNDERSERVED POPULATIONS
Horeja Jeng
College of Business/Finance
Minnesota State University–Mankato, Mankato, MN
Immigrants, minorities, or underserved populations are
observed to engage in weaker adherence to prescribed
drug regimens despite its significant impact on
improving long-term results, especially for chronic
diseases. Prescription adherence is particularly critical
for Human Immunodeficiency Virus (HIV) treatment due
to uniqueness of HIV/AIDS barriers to treatment. I
examine a unique dataset from the ICPSR (Interuniversity Consortium for Political and Social Research)
for critical factors that affect health outcomes of nonwhite individuals with HIV/AIDS.

MATH/  
BUSINESS  AND  COMPUTER  
SCIENCE  
EVALUATION OF SYNTACTIC PARSERS ON
MEDICAL LANGUAGE
Lucas M Strom1 and Serguei V. S. Pakhomov2
(Advisor)
1
Institute of Linguistics, Department of Computer
Science,
University of Minnesota-Twin Cities, MN
2
College of Pharmacy,
University of Minnesota-Twin Cities, MN

NEUROSCIENCE  
EXPRESSION AND PURIFICATION OF THE
FUNCTIONAL SILICA-BINDING PROTEIN
FUSED WITH RGD MOTIF FOR NEURAL
TISSUE ENGINEERING
Amien Masroujeh, Asma Adam, Anna Augstine, Jordan
Bruss, and Mong-Lin Yang (Advisor)
Department of Biology
Concordia University St. Paul, St. Paul, MN

In an effort to find how well syntactic parsers perform in
relation to their internal methods, NLP (Natural
Processing Language) and computational linguistics
researchers have evaluated these parsers extensively on
general purpose (everyday language) texts. However, it
is likely that these parsers will perform differently when
given texts from specialized domains that use unique
(i.e., rare in normal discourse) words and phrases.
Therefore, this project seeks to evaluate how well
constituency-based and dependency-based syntax
parsers process the specialized language found in
medical texts. I will begin this project by using stratified
random sampling (random selection from a subset of
some corpus) to extract 200 sentences from NLP-TAB, a
web-based resource for text-based biomedical NLP
research. Because the sentences are randomly selected,
there will be a wide variety of syntactic structures and
ambiguous word usages to parse. Next I will annotate the

Disorders such as Parkinson’s disease (PD), Alzheimer’s
disease (AD), and traumatic brain injury (TBI) result in
nerve cell degeneration and damage. Incapability of nerve
cell regeneration subsequent to nerve damage or severance
is debilitating for patients. Our project focuses on testing a
novel inorganic material as a potential scaffold for neural
tissue engineering. We specifically fabricated an
electrospun mesoporous silica nanofiber (SNF) as a
scaffold that mimics the extracellular matrix (ECM) in
providing a three-dimensional structure for cell growth. To
modify the surface for cell attachment, we then designed a
recombinant protein (SB-RGD-His) that contains a silicabinding protein (SB) fused with an RGD peptide acting as
a cell adhesion motif and His-tag for purification. SB-
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RGD-His fusion proteins were successfully expressed
in Eschericha coli Rosetta (DE3) pLys and purified using
a Histidine (His) nickel column. Successful silica-binding
ability of the fusion protein was further demonstrated
using immunocytochemistry and immuno-precipitation.
Finally, primary embryonic hippocampal neurons were
shown to successfully grow and differentiate on silica
surfaces. These results indicate that SB-RGD-His fusion
protein could serve as a coating biologic to support and
promote neuron growth and differentiation on silica-based
substrates for neural tissue engineering.
\
GENETIC ENGINEERING AND EXPRESSION
OF FUNCTIONAL FUSION PROTEIN SERVING
AS BIOLOGICAL MODIFICATION ON SILICA
NANOFIBERS FOR NEURAL TISSUE
ENGINEERING
Amien Masroujeh1, Anna Augustine1, Samantha
Brennan1, Wen Shuo Chen2, Yui-Whei Chen-Yang2,
and Mong-Lin Yang1 (Advisor.)
1
Department of Science, Concordia University, St.
Paul, MN
2
Department of Chemistry, Center for Nanotechnology,
Center for Biomedical Technology, Chung Yuan
Christian University, Chung Li, Taiwan 32023,
Republic of China

like structure of SNF. We have successfully expressed
the fusion protein SB-RGD-His (31.23 kDa) in
Escherichia coli Rosetta (DE3) pLysS. We have also
successfully purified the fusion protein using Nickel-ion
immobilized metal affinity chromatography, but using
the His-tag for purification did not provide a sufficient
yield for coating. Studies have suggested an efficient
and more convenient method of protein purification
using the high affinity of the silica-binding domain to
silica surfaces5. In this experiment, we further test the
purification of the SB-RGD-His fusion protein using
silica-affinity purification and elution. Furthermore, we
have demonstrated the silica-binding ability of the
fusion protein using immunocytochemistry and pulldown assay. Last, we verified the ability of neuronallike PC12 cells to grow on SNF using the fusion protein
as interface. These results suggest that SB-RGD-His
fusion protein could function as coating biologics to
support neuron growth on silica-based substrates for
neural tissue engineering.
Literature Citations
Leach J, Schmidt C. Characterization of protein release
from photocrosslinkable hyaluronic acidpolyethylene glycol hydrogel tissue
engineering scaffolds. Biomaterials.
2005;26(2):125-135.
doi:10.1016/j.biomaterials.2004.02.018.

Disorders such as Parkinson’s disease (PD),
Alzheimer’s disease (AD), and traumatic brain injury
(TBI) result in nerve cell degeneration and damage.
Incapability of nerve cell regeneration subsequent to
nerve damage or severance is debilitating for patients.
Currently the most effective treatment for nerve damage
and nerve severance is allografting, but it lacks in areas
such as (1) availability of donors, (2) tissue death at
grafting sites, and (3) slow rate of recovery1, 2. Our
project focuses on testing a novel inorganic material as
a potential scaffold for neural tissue engineering. As the
natural extracellular matrix (ECM) provides an ideal
environment for topographical, electrical, and chemical
cues to the adhesion and proliferation of neural cells, we
specifically fabricated an electrospun mesoporous silica
nanofiber (SNF) as a scaffold that mimics the ECM in
providing a three-dimensional structure for cell growth.
To modify the surface for cell attachment, we
genetically designed a recombinant protein containing
three domains: silica-binding protein (SB), integrin
binding domain (RGD), and histidine tag (His).
Specifically, the SB is the bacterial ribosomal protein
L2 that mediates strong affinity for silica3. The SB
epitope is then fused with an RGD (Arginine-GlycineAsparagine) peptide, which is a binding epitope for the
cell surface adhesion molecule integrin to facilitate
neural cell attachment. Then, the RGD motif is fused
with a 6x His-tag to allow purification and detection4.
This fusion protein allows cells to attach to the ECM-

Schmidt C, Baier J. Acellular vascular tissues: natural
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affinity purification of recombinant proteins
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doi:10.1016/j.pep.2009.12.009.
Coyle B, Baneyx F. A cleavable silica-binding tag for
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ROLE OF MICROGLIAL ACTIVATION IN
CEREBELLAR SYNAPTIC PRUNING
Daniel Svedberg and Marija Cvetanovic (Advisor)
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showed increased chemotactic responses either
specifically to the selected-for amino acid or nonspecifically, but all isolates demonstrated highly
concentration-specific responses. We selected for
motility away from bacteria-specific viruses in
Pseudomonas aeruginosa, where positive and negative
chemotaxis exists for a wide variety of compounds.
Bacteria and lytic bacterial viruses were inoculated into
a soft agar plate, spatially separated, and allowed to
spread before transferring a series of equidistant points to
new media. Over time, the bacteria-virus coevolution led
to a stable spatial structure: resistance to the virus
decreased with distance from the initial viral inoculation
point, while motility increased with distance. Future
work will determine if there exists a fitness tradeoff for
P. aeruginosa between resistance and motility.

Development of correct neuronal circuitry in the
cerebellum is critical for proper motor coordination. This
study investigated the immunological influence on
cerebellar circuitry development using mouse models.
Early in typical mouse development, Purkinje neurons
are innervated by multiple climbing fibers on the cell
body. As development progresses, climbing fiber
synapses on Purkinje neurons translocate to the dendrites,
and a single designated climbing fiber is established for
each Purkinje neuron. Excess synapses on the Purkinje
neurons are then pruned away so that no synapses remain
on the Purkinje neuron cell body, and so that no synapses
from non-designated climbing fibers remain. Microglia
are hypothesized to be the chief mediators of synaptic
pruning, and establishing their role in cerebellar synaptic
pruning would help us understand the role of microglia
in a number of cerebellar disorders. I studied the
influence of genetically inhibiting microglial activation,
through depleting an effector of the NF-κB pathway, in
cerebellar synaptic pruning. Preliminary evidence has
found that inhibiting microglial NF-κB may indeed
inhibit normal synaptic pruning in the cerebellum.

PHYSICS  
ENGINEERING THE SHAPE OF SMALL
MOLECULE ORGANIC SEMICONDUCTOR
CRYSTALS
Christopher Phenicie1 and Russell Holmes2 (Advisor),
1
Department of Physics,
2
Department of Chemical Engineering and Materials
Science,
University of Minnesota–Twin Cities, MN
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Thin films of amorphous rubrene were deposited on ITO
substrates via thermal evaporation and crystallized via
thermal annealing. For these "neat" thin films, crystals
grew in the shape of a circle. It was found that, if the
amorphous rubrene films were codeposited with other
organic molecules, known as "guest molecules," the
resulting crystal was grew as an elongated circle. It was
found that the degree of elongation depends on the
concentration of these guest molecules. There exists a
critical concentration beyond which the crystals grow in
a needle-like shape, growing in only one dimension. The
amount of elongation at a given concentration was shown
to vary based on the type of guest molecule. The guest
molecules were characterized by their interaction type,
mass, and size. There is no conclusive relationship
between any of these properties and the elongation at a
given concentration.

EXPERIMENTAL EVOLUTION OF BACTERIAL
MOTILITY
Michael Blazanin and Michael Travisano (Advisor)
College of Biological Sciences/Department of Ecology,
Evolution, and Behavior
University of Minnesota–Twin Cities, MN
Bacteria are ubiquitous in the biosphere, and bacterial
motility plays a vital adaptive role in numerous contexts,
including ecological adaptation and pathogenicity.
Bacterial motility in response to chemical stimuli—
chemotaxis—can be positive or negative, if the bacteria
move toward or away from higher stimuli concentrations,
respectively. Despite the importance of chemotaxis, little
is known about the effects of common selective pressures
on this process, including selection for motility toward
nutrients or away from bacteria-specific viruses. We
selected for motility toward nutrients in Escherichia coli,
where positive chemotaxis is known to occur for the
amino acids Serine and Aspartate. 10,000 generations of
experimental evolution for increased taxis toward one of
the amino acids and away from the other were performed.
Compared with the ancestral strain, evolved isolates

A LOOK AT A PURELY MINERALOGICAL
DEPENDENCE ON WAVE SPEEDS IN
HOMESTAKE MINE
Levi Walls and Vuk Mandic (Advisor)
School of Physics and Astronomy
University of Minnesota, Minneapolis, MN
Seismic noise is large enough to limit the sensitivity of
future gravitational-wave detectors that operate on the
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surface. For this reason, it is likely that the next
generation of detectors will be built underground. Thus,
using the Homestake Mine in Lead, South Dakota, as a
backdrop, we investigate the seismic environment
within to better understand the feasibility of noise
subtraction methods. Given elastic wave speeds in rockforming minerals and the modal percentages of these
minerals, elastic wave speeds were estimated using a
weighted, normalized averaging scheme for 14
representative rocks at different depths within the mine.
An active site experiment was conducted at the mine
and measurements of shear wave speeds at the 2000level were obtained. A comparison between prediction
and these measurements will help determine the validity
of the proposed wave speed model.

task and memory-guided saccade task, including
accuracy, reaction time, and error rates, will be discussed.
In addition, the EEG response of areas associated with
attention will be shared. Preliminary results indicate
differences between the subject populations for the
performance on these tasks as well as in the EEG
analysis.
CANNABIS USE AND BRAIN VOLUMES: A COTWIN CONTROL ANALYSIS
Megan He, Sylia Wilson (Advisor), and William G.
Iacono (Advisor)
Department of Psychology
University of Minnesota, Twin Cities, Minneapolis, MN
Cannabis is the most commonly used illicit drug
worldwide, and many states are increasingly legalizing
medicinal and recreational cannabis use. Recently, there
has been a substantial amount of studies examining the
association between cannabis use and changes in brain
morphology, with inconclusive results. The purpose of
this study was to contribute to the investigative effort by
examining differences in regional brain volumes between
problematic cannabis users and non-users. Female twin
participants (n = 102) from the Enrichment Study of the
Minnesota Center for Twin and Family Research were
classified as problematic cannabis users (n = 16) or nonusers (n = 86) based on diagnoses for cannabis abuse and
dependence assessed at ages 17, 20, and 24. Structural
neuroimaging data of the participants was collected at
age 24 via magnetic resonance imaging (MRI), and the
volumes of the hippocampus, parahippocampus,
amygdala, orbitofrontal cortex, anterior cingulate cortex,
insula, and cerebellum were obtained. Linear mixed
modeling (LMM) analyses that accounted for the nested
nature of the twin data indicated that problematic
cannabis use was significantly associated with reduced
hippocampal volume (p = 0.003), and not significantly
associated with changes in other brain regions’ volumes.
A co-twin control analysis was then used to assess if this
association was due to premorbid risk for problematic
cannabis use or due to a neurotoxic effect of cannabis
exposure, and results indicated that this association was
due to cannabis exposure. Together, these results
demonstrate that problematic cannabis use can cause
changes in brain morphology.

SOCIAL  SCIENCE  
DETERMINING THE LONG-TERM EFFECT OF
CONCUSSIONS ON ATTENTION AND SHORTTERM MEMORY IN HIGH SCHOOL
FOOTBALL PLAYERS
Jessika, S., Tollefson, Amanda, A., La Bode, Aerin, M.,
Kerfoot, Kevin DuVall, and Desiree, L., Budd (Advisor)
Department of Psychology
University of Wisconsin-Stout, Menomonie, WI
This study examines and compares the cognitive function
of freshman male college students who played American
football in high school and are concussed to those who
played football and are not concussed. First, subjects
completed a head-impact survey documenting length and
intensity of their sport experience and concussion history.
Following, subjects completed two tasks, on separate
days, each examining attention and short-term memory
processing. In the first part of the study, participants
performed a three-tone auditory oddball task in which
they discriminated between different sounds while we
recorded their brain activity using EEG. On a separate
day, the subjects performed a memory-guided saccade
task in which they were required to remember the
location of a target for a fixed period prior to making an
eye movement to the location of the target. Eye
movements were recorded using video-oculography.
Previous research has shown that subjects with frontal
lobe damage, as might result from concussion, are slower
and less accurate in responding to the target stimuli in
both of these tasks, and EEG shows a diminished
response in areas associated with attention. In addition,
although many studies have been done examining the
effect of concussion on attention and short-term memory
processing, few studies examine the effect of repetitive
sub-concussive impacts as is part of this subject
population (18-19-year-old males), particularly in the
short term. Behavioral data in both the auditory oddball

DOES DECISION-MAKING STYLE RELATE TO
JOB OUTCOMES AND INDIVIDUAL
DIFFERENCES?: A META-ANALYSIS
Elizabeth Grein and Nathan Kuncel (Advisor)
Department of Psychology
University of Minnesota–Twin Cities, MN
The concept of decision-making styles as influential
individual difference variables is comparatively new in
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the psychological literature. This study aims to
consolidate wide-ranging the research in this area and
provide a complete view of the overall effects of
relationships between individual decision-making styles
and both work outcomes and other individual difference
variables (e.g., personality traits). Results collected from
nine studies indicate that decision styles have modest but
important relationships with supervisor ratings of job
performance. The most extensive evidence available is
for the Maximizing/Safisficing decision style, which has
important relationships with other aspects of a person’s
personality including optimism and intellectual curiosity
as well as life outcomes including happiness, life
satisfaction, and self-efficacy.

Back flap

29

